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The many who during the past years have been discussing pub- 
licly the subject of the defenses of our coast agree in this, that of 
adequate coast defense our lack is absolute and our need imperative. 
This is particularly true of naval defenses, so that the subject is of 
peculiar interest to the naval officer. And, although the professional 
opinions of the service have not yet received the attention that I 
think they merit, this does not the less make it the duty of the 
service to express its opinions untiringly, and to see that these opinions 
are based upon sound and thorough professional knowledge. 

In these days of curious inventions, when every year discovers 
some new scheme or engine of war which its sanguine inventor is 
sure will supersede all others for the defense of the coast, it is the 
duty of the profession to consider carefully such schemes and inven- 
tions, and assign them their proper weight and place. With all the 
zeal and persistence born of prospective gain, each in turn will be 
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urged ; and, while professional opinion should possess sufficient flexj- 
bility to recognize and accept what is good in each, it should also 
possess fixed principles and a guiding policy to enable it to reject 
what is worthless, and prevent it from distracting public attention from 
public needs. This is, indeed, the worst evil we have to contend 
with. Some enthusiast proposes to defend our coast with torpedoes; 
another proposes to destroy the iron-clad fleets of our enemies with 
air-guns; while others rely upon the patriotism of the country when 
need shall come. Each of these is good, but all of them together 
would prove insufficient, and this we should be prepared to demon- 
strate, and to point out what is needed. 

We are now building a new navy; we are taking the first steps 
towards providing proper forts and guns, and we should see that the 
sound policy that has prevailed for some years past in the building 
of our ships should be developed and extended to the more import- 
ant needs of the service as represented in armored ships. 

In the matter of coast defense, this nation has been for thirty years 
at a standstill, while others have been steadily advancing, so that now 
we find ourselves far in the rear. Thirty years ago the plans in 
progress for home defense were quite equal to those of any other 
nation ; and though the numbers of our forts and ships were insuff- 
cient for the defense of our coast, both were in quality excellent. Our 
forts were of the most approved construction, some of them possibly 
upon too large a scale and unnecessarily expensive ; while for our 
ships and their armament, they were without superior. The re- 
building of our navy has been slow, because the use of steel for naval 
ships is a new industry; but under the stimulus produced by the 
demands of the naval service, the capacity of our ship-yards, both 
public and private, will be rapidly increased, and production of 
material and experience in its use will quickly accumulate. 

As the construction of ships becomes more rapid, it is more 
necessary that their character should be carefully considered, lest 
serious mistakes be made. The wants of the government should be 
thoroughly understood, and all the energies of the nation that are 
to be expended upon preparation for war should be given the right 
direction. That the defense of our coast is the most important end 
to be secured, no one will question, for the first care of any nation is 
to secure its integrity and, at the same time, to furnish proper protec 
tion for the lives and property of the people. Without this, accumu- 
lated wealth serves but to tempt the cupidity of more powerful 
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nations, and every advantage of thrift and high civilization may, on 
slight pretext, vanish, or become the possession of a more war-like 
people. Should our nation continue to increase in wealth and popu- 
lation as it has done in past years, it is sure to become the envy of 
less favored nations, who will not hesitate to take advantage of any 
opportunity to humiliate us. We have only to look back at the time 
when internal strife permitted a foreign nation to avail itself of our 
distress to gain a foothold where, under less favorable circumstances, 
she would not have ventured. Had this enterprise succeeded, can 
we doubt that other nations would have been prompt toclaim a share 
of our dismembered country? There would not have been wanting 
good reasons for such action. England could not see France acquir- 
ing territory in the western hemisphere without doing the same, in 
order that the balance of power between them might not be disturbed. 
And at the present time at least one other powerful nation would be 
actuated (under like circumstances) by similar motives. 

It is difficult to see now in what manner or from what causes the 
integrity of the nation may be again jeopardized as it was in 1861; 
but we should remember that the danger to our country from foreign 
foes was great during that memorable struggle. A country torn by 
internal strife becomes an easy prey to envious foes—foes who dur- 
ing prosperity were warmest friends. History shows too plainly that 
even Christian nations who uphold the most advanced ideas of inter- 
national law do not hesitate to disregard its plainest rules when the 
seeming prosperity of their country may be advanced thereby ; and it 
is all done in the name of civilization and for the best good of the 
victims. While we all sincerely wish for the time when international 
disputes shall be settled without bloodshed, let us not be misled by 
the rose-colored representations of those who advocate arbitration as 
ameans of settlement. In order to insure the success of arbitration, 
let us be prepared with other means in case of its failure. 

In order to decide upon the means necessary for the defense of our 
coast, we must first examine and determine as far as possible against 
what we may have to defend ourselves. The sources of danger may 
be conveniently divided as follows : 

1. An attack upon our commerce afloat. I venture to consider 
this question as properly included in the attacks to be guarded against 
in coast defense, because it would be unwise to provide a scheme of 
naval defense that was not calculated to protect also our ocean- 
borne commerce ; also, because with an extensive commerce it would 
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be the first and easiest form of attack, and as we shall see, can be 
accomplished in several ways, one being a blockade of our commercial 
ports, which should be provided against in any scheme of coast 
defense. 

2. Immediate blockade of our defended ports. 

3. The bombardment of our sea-coast cities. 

4. Invasion by an armed force, probably under the protection ofa 
naval force. 

Let us examine the probability of these four cases, taking them in 
reverse order. The probability of an invasion from any nation is 
very remote. The great distance by water that separates us from 
any probable enemy is our best defense, and a sufficient one if we 
exercise even moderate caution. To examine more closely the con- 
ditions of this case, we shall see that the transportation of even a 
moderate-sized army of, say, 150,000 men to our shores would be a 
vast undertaking. Any European nation would require at the rate 
of 4000 tons of shipping for the transportation of every 1000 men and 
their equipments. To transport an army of 150,000 men would re- 
quire a fleet of 200 steamers of an average tonnage of 2000 tons 
each. 

The force sent by England to Cyprus in 1878 consisted of 8600 
troops and followers, with horses and guns, and required 28 ships of 
57,000 tons. The force sent by England to South Africa in 1879 was 
8100 men of all ranks, with horses and wagons, and required 53,000 
tons of shipping. The troops sent out to Mexico in 1861-63, under 
Maximilian, amounted to 38,500. In August and September, 1862, 
20,000 were sent out under 5 convoys. 

The above-mentioned fleet of 200 ships would be required for the 
transportation of such an army of 150,000 men and their maintenance 
for the period of two weeks, barely sufficient time to cross the 
ocean. As they must land upon a hostile coast, where they would 
be forced to depend upon the home base for a food supply, it 
may readily be seen that the fleet of 200 transports would 
have to be greatly increased. With a population of 60,000,000 
from which to draw for defense, with ample internal communi- 
cation for the concentration of the defense, the invasion of this 
country presents an undertaking of such magnitude that we may 
dismiss it, except in one case, from the list of probable forms of attack. 
The one exception referred to is that of a difficulty with England. It 
is readily seen that Canada would, in this case, become a base of 
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operation which would give an invading army ample resources, while 
with a powerful fleet, reinforcements and ammunition could be easily 
transported. In such a case, our main reliance would be upon our 
own army, and the case would not, therefore, be properly included in 
a discussion on the naval defense of the Atlantic coast. 

3. The bombardment of our sea-coast cities. Here it is necessary 
that we should first settle to our own satisfaction whether an unforti- 
fied, unresisting city may be bombarded. Those writers on interna- 
tional law who mention the subject lay it down as an acknowledged 
rule that an unresisting city may not be bombarded. In this matter 
it is certain that a broad distinction exists, which has not been recog- 
nized by writers upon this subject, between the bombardment by an 
army and a bombardment by a naval force. In the case of an ad- 
vancing army, it appears most reasonable that it should not bombard 
a city which offers no resistance ; for the army has only to take pos- 
session. To bombard under such circumstances would be not only 
useless, but inhuman ; all right-minded people justly condemn it. 

The case is quite different, however, when it is a question of the 
bombardment of an unresisting city by a naval force: it being under- 
stood that resistance would be offered if the naval force should land 
to take possession. The naval force has the power, as had the army, 
to inflict injury upon the city and compel compliance with its demands, 
but in a different way, and this difference in the form of the force 
involves a modification of the international rule when applied to 
bombardment by a naval force. 

Upon this point, Calvo, a French authority on the law of nations, 
says: “In no case, under no pretext, is it permitted to bombard an 
open unfortified city which is not defended by military. To act 
against such places as the necessities of war authorize to be done 
against fortresses is to violate all the laws of nations, and to place one’s- 
self outside the law of those nations which march at the head of 
civilization. 

“Among the modern cases of this kind which have most awakened 
public attention may be cited the bombardment of Valparaiso in 1866, 
by the Spanish squadron under the command of Admiral Mendez- 
Nunez, which constitutes a deplorable precedent of the application 
of force as a means of resolving an international question.” 

Further, upon this subject the same author cites several cases where 
the attack upon fortified cities was directed upon the fortifications 
and other defenses and not upon the city itself, and commends this 
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mode of proceeding as causing less bloodshed. This is, however, 
questionable, and in strong contrast to the business methods inaug- 
urated by Farragut, who passed the fortifications and brought the 
cities directly under the guns of his fleet. In these cases it cannot 
be said that the bloodshed was increased. 

The manceuvres of the British fleet during the past summer led to 
a very animated discussion, both in the press and in Parliament, 
upon the question of bombarding undefended cities. All naval and 
military authorities agreed that it was a kind of warfare likely to 
ensue in case of hostilities, and that it should be prepared for; while 
others declared that the rules of civilized warfare forbade such bom- 
bardment, and some even went so far as to declare that such cities as 
Greenock would require no defenses, that it would not be molested 
by any probable enemy. Unfortunately it cannot be assumed that 
such opinions were not, to some extent at least, biased by political 
views. Those in England who think that the navy should be in- 
creased took one view, while those opposed to any material increase 
in the naval force, whether from economical reasons or from oppo- 
sition to the government, were led to adopt the view that would 
require the least preparation for defense. 

One English authority on international Jaw quotes the rules laid 
down by the military delegates of all European states to the Brussels 
Conference in 1874, and says that with the necessary changes in 
wording, these rules apply to the operations of naval forces against 
places on land. 

The rules that interest us at this time are as follows: 

“ Art. 15. Fortified places are alone liable to be besieged. Towns, 
agglomerations of houses, or villages, which are open or undefended, 
cannot be attacked or bombarded. 

“ Art. 16. But if a town, etc., be defended, the commander of the 
attacking forces should, before commencing a bombardment, and 
except in the case of a surprise, do all in his power to warn the 
authorities.” 

As before explained, the rule here laid down in Art. 15 is for land 
forces, and requires material modification before it can be made appli- 
cable to a naval force. It is more than likely that the commanding 
officers will receive specific instructions covering all doubtful cases; 
the Spanish admiral was so instructed in the case of Valparaiso. 

A city may be defended by armed men only, and consequently be 
totally unprepared to resist a naval attack ; or it may even be forti- 
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fied to prevent the approach and landing of a naval force and yet be 
exposed to destruction by bombardment. No restriction can be 
placed upon a naval force in either case to prevent bombardment. If 
such a city refuses to comply with any reasonable—even though ex- 
orbitant—demands made upon it, it lays itself liable to bombardment 
by an enemy having the power to inflict sucha punishment. On the 
other hand, I think it may safely be stated as a rule that a naval 
force intending to bombard a city must give ample warning of its 
intention, and if anticipating the approach of succor, must abandon 
its intention rather than attack without such warning as will per- 
mit the escape of women and children. Even should the object of 
the bombardment be to destroy military or naval depots, it cannot 
be done without warning, if the lives of non-combatants would be 
endangered thereby. I also think that a notification of intention to 
bombard can be given only when the naval force is present. It would 
not be considered proper warning should an enemy telegraph along 
the coast or to any particular city that it would be bombarded on a 
specified date. 

Many rules of international law are deliberately violated when it 
appears to advance the interests of the violator and there is the 
necessary power to brave the consequences. It is for this reason 
that the protection offered by many of the wise and humane rules of 
international usage are not to be relied upon. 

But this rule, that a city shall not be bombarded without due notice 
which will permit women and children to be removed beyond possible 
injury, is a rule no civilized nation would venture to disregard. 
During the manceuvres of the British squadron the past summer, the 
Irish squadron eluded the blockade of their English enemies, and 
engaged ina raid upon the English coast, bombarding Greenock, 
Liverpool, and other unprotected cities. Greenock harbor was entered 
by a single vessel one Sunday morning and bombarded immediately, 
without any communication withthe shore and while the people were 
at divine service. This does not represent actual warfare, because no 
commander would bombard an open city without first making a 
demand for a-ransom or the fulfilment of any conditions he might 
see fit to impose. No impossible demand should be made, with the 
alternative of bombardment in case of refusal. Reasonable time must 
be granted for a reply, and, in case of refusal, further delay must be 
granted to permit non-combatants to leave the city. A large sum of 
money, for example, cannot be produced at a moment’s notice, and 
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such transactions must be conducted upon a strictly cash basis. The 
citizens would doubtless request a modification of the demands, all 
of which negotiations would require time. This could not be refused 
by the commander, except in cases of extreme necessity involving 
the safety of his ship, and even then he would have to face the 
execrations of the whole world for his inhumanity. In any case, 
more time would be consumed than ten hours, which was permitted 
by the English rules. 

We shall see that this has a very important bearing upon the naval 
defense of a city. The time element that the rule involves furnishes 
a great advantage to the defenders. The modern practice regarding 
bombardment of unfortified cities, as in the case of Valparaiso, is 
directly opposed to the international rule against it. At the same 
time, the popular conviction of what would take place in event of a 
foreign war is in harmony with the views expressed above. 

If further argument were necessary to show that an unfortified city 
may be bombarded by a naval force, it may be found in the state- 
ment that if bombardment is not permitted under such circumstances, 
then complete protection is to be had by non-resistance. An unfor- 
tified city that offers no resistance to a naval force would be 
exempt from molestation, because the naval force when landed 
would be too insignificant to contend with the land force that would 
then be developed to oppose it. When a fleet has made a demand 
for a ransom upon an unfortified city and the ransom has been 
refused, the fleet cannot be expected to abandon its position of 
advantage, its power as a fleet, and land its men and attempt to take 
by a landing party what was refused tothe fleet. If such a construc- 
tion could be put upon the general rule that unfortified cities may 
not be bombarded, then it would become absurd, and in coast 
defense naval supremacy would have no significance. We may then 
consider it settled beyond a doubt that our coast is liable to this 
form of attack, and, as we shall see, will be one of the principal forms 
against which we have to provide. 

2. Immediate blockade of our defended ports. The defenses here 
referred to include all means of whatever nature that are suffi- 
cient to deter the enemy from a direct attack. These defenses 
may be forts, submarine mines, or other obstructions, or floating 
defenses. If any of these, or a combination of them, is sufficient to 
deter the enemy from a direct attack, and it is decided to act against 
the city in question, the next form of hostilities would be to blockade 
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the port. The object of this blockade may be to close a port that 
contains an important dock-yard, and prevent access to it by our own 
ships; or it may be to confine within the port our own armed vessels 
that may have assembled there; or it may be for the purpose of 
interrupting and destroying the commerce of the port. In order 
that an enemy should resort to blockade, instead of direct attack, 
of any of our ports, it would not only be necessary that the means of 
defense were sufficient to make the result of an attack doubtful, but 
the defenses must be so placed as to prevent the direct bombardment 
of the city. If the enemy could destroy by bombardment, the city, 
the shipping, or the naval depots that might be its object of attack, 
without the necessity of overcoming the defenses, then this mode of 
attack would be resorted to as being more certain and expeditious, 
and an extended blockade would be unnecessary. 

It is, of course, understood that while the forms of attack to which 
our coast is liable may be classified for convenience of discussion 
under the four heads above mentioned, at the same time the attack 
may take the form of a combination of these, and bombardment or 
blockade may be preceded by, or at any time interrupted by, an 
engagement with our fleet. At the commencement of hostilities, the 
enemy might be only prepared to interrupt our commerce with a 
few fast cruisers, and as other vessels were prepared for sea she 
might commence an off-shore blockade with the same class of 
vessels, this being a more effective way of destroying our commerce, 
as her ships would then be at the points of convergence or foci of 
our trade. 

This form of attack might soon be replaced by a close blockade 
or bombardment when more powerful vessels had concentrated upon 
our coast. The character of the attack could be anticipated with 
considerable certainty from a knowledge of the naval force at the 
command of the enemy and its degree of preparedness. An enemy 
with an overwhelming naval force prepared for active service upon 
short notice would be able to inaugurate all these forms of attack at 
once, and at several points of our coast. An enemy with a smaller 
fleet, or less prepared for immediate action, would adapt her course 
to the means at her command, and, as an example, blockade the port 
of New York, while leaving free a sufficient force to meet our own 
fleet. If the disparity between the naval force of the enemy and our 
own were still less, then hostilities would take the form of an attack 
upon our commerce on the high seas, while exposed and undefended 
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points of our coast would be threatened by small squadrons or single 
vessels, with the object of distracting our own naval force and 
keeping it at home. Doubtless a very insignificent naval force could 
do much towards driving our commerce from the sea, but it is only 
from a superior naval force that we have to fear ultimate destruction 
of our own. 

This is a fact that deserves most careful consideration, and from 
it the gravest lesson should be learned. When war ships were built 
of wood and propelled by the wind ; when a month was sufficient to 
construct both ship and armament; when the slow and uncertain 
movements of a ship and the insignificant injury produced by her 
projectiles prolonged wars and gave time to build fleets, then it was 
not proper to measure the naval power of a nation by the number of 
ships afloat. But her wealth and resources and ability to add to her 
fleet were important factors in the problem. Now, when a modern 
man-of-war has become the most complicated machine that the 
brain of man ever devised; when careful training and much ex- 
perience are necessary in those who man the ship; when years are 
required for her construction ; when her powers of destruction have 
been increased many-fold ; when the celerity of her movements has 
reached the certainty and speed of a railroad train, we have reached 
a point when naval warfare will be of short duration, and it will be 
impossible to add materially to the fighting fleet after hostilities have 
commenced. 

The conditions are the reverse of what they were less than fifty 
years ago. Notwithstanding the vastly increased constructive skill 
and resources of modern times, it requires much longer to build a 
ship than was required fifty years ago; but when completed, her war- 
like power permits no comparison with the ship of half a centuryago. 
It therefore results that national wealth and resources will have 4 
minimum influence upon the result of future naval wars. After wat 
has been once declared, that nation which is best prepared for imme- 
diate action will force the fighting and bring it to a speedy termina 
tion. 

The lesson we should learn is, that preparation for war which is 
deferred until war is imminent will result in certain defeat. We 
might console ourselves with the thought that ina few years we could 
certainly take our revenge, and I do not doubt that this thought 
would have a powerful influence to deter any nation from attacking 
us. A prudent enemy would, certainly, count the cost and see inthe 
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not distant future that a nation with such vast wealth, unlimited re- 
sources, and a population unsurpassed in mechanical skill and enter- 
prise, would be likely to retrieve any present loss. Although this 
skill and enterprise is now directed to peaceful pursuits that con- 
stantly add to our wealth, yet there can be no doubt that the skill 
which can devise such endless number of labor-saving machines 
could also produce the most effective engines of warfare if called upon 
todo so. But is it wise to trust our national security to the potential 
energy of our people? Would it not rather be the part of wisdom 
to provide ourselves with such defenses as will, for the moment, deter 
any nation from quarreling with us, and thus render the nation secure 
for all time? No right-thinking man would advocate such an arma- 
ment as would lead the nation to become arrogant or self-asserting 
toothers. We have no natural enemies, no powerful neighbors who 
must be watched to prevent encroachments upon our territory. But, 
as it is impossible to see what the future has in store for us, it is only 
prudent to look to the past for guidance, and see how various and 
unforeseen are the causes that lead to war. 

Nor is it impossible to read the future so far as to divine the probable 
course of events near at hand; and I venture to assert that the time 
is not far distant when we must relinquish some of our recent appli- 
cations of the Monroe Doctrine, or be prepared to defend them with 
ourguns. In the maintenance of this principle we are soon to touch 
the vital interests of European nations. When the canal across the 
isthmus is completed, every commercial nation of the earth will find, 
by this way, a shorter route for much of its commerce. When any 
two of these nations become involved in war for any reason, the one 
that has the most powerful navy will attack the commerce of the 
other, and one of the most promising points of attack would be where 
the lines of trade converge to this canal ; or one party to the conflict 
may find it a military necessity to close the canal against the other. 

What will be our course under such circumstances? Are we pre- 
pared to maintain the neutrality of the canal? It must be remem- 
bered that when the Monroe Doctrine was first promulgated (65 
years ago), it was not admitted by any European nation as a rule to 
control its action in the future: on the contrary, it was distinctly 
tepudiated by England, whose interests at that time would have 
naturally led her to accept it. This being the case, can we expect 
that the modern extensions which have been given to the principle 
will be more acceptable? We have grown mightily in strength in 
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65 years, and are better fitted to maintain the views we hold upon 
this subject than we were at the time it was promulgated, but this 
does not change the acceptability of the principle to foreign nations, 
Not one of them would consider itself liable to a charge of violating 
any rule of international right if they disregarded the Monroe Doe. 
trine. Not one of them would be deterred by it from any course of 
action, except in so far as it would bring upon them the disapproval 
of this country. It is, therefore, a right that we must maintain by 
force. 

The connection between this subject and coast defense is to be 
found in the fact that anything which leads to an international diffi- 
culty would, at once, put us on the defensive. And it is more than 
probable that to enforce our rights in this hemisphere, as those rights 
are now defined, would require an enormously larger naval force 
than is required for the defense of our own coast. And this for two 
reasons: 

First. Because any attempt to enforce the principles of the Monroe 
Doctrine outside of our own domains (and no other cases are likely 
to arise) would have to depend upon the Navy; and it would be 
brought into direct conflict with the whole naval force of our enemy, 
without the protection of our home military defenses. 

Second. Because the principle of the Monroe Doctrine is not 
admitted by any foreign nation, and it is not improbable that they 
would combine to make us yield its application in any particular 
case. We have done so in more than one instance and may be 
forced to do it again. Happily, the principle of the Monroe Doctrine, 
which we have set up as a law of our national policy, is one that we 
will apply in its broadest sense when we can, and yield its applica 
tion only when we must, but without yielding the principle. It is 
assuredly in this direction, more than in any other, that we must 
look for a storm. 

Only within a few days, the collapse of the Panama Canal scheme 
has brought the whole question very close to the line that has 
been prescribed by our government as the limit beyond which n0 
European government shall go. President Hayes, in his message t0 
Congress in March, 1880, expressed the sentiments of the country 
upon this subject, and these were approved by Congress and repeated 
by his successors. He said: “ The policy of this country isa canal 
under American control. The United States cannot consent to the 
surrender of this control to any European power. The capital 
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invested by corporations or citizens of other countries in such an 
enterprise must, in a great degree, look for protection to one or more 
of the great powers of the world. No European power can intervene 
for such protection without adopting measures on this continent which 
the United States would deem wholly inadmissible.” 

The French Parliament has just been asked to do this very thing— 
intervene to protect the interests of thousands, or possibly millions, 
of her population who have sums of money embarked in this enter- 
prise. The Parliament has thus far refused to accord such protec- 
tion, undoubtedly because to do so would bring that country into 
direct conflict with the United States. But will the popular voice of 
France sustain this action of her representatives? Certainly France 
will not permit such a loss to her people without efforts to prevent 
it—to say nothing of the national pride the country has taken in the 
success of this great enterprise. 

Having taken a hasty glance at the forms of attack that we may 
expect in case we become involved in war, and having noticed some 
of the conditions or indirect causes that may bring about war, let 
us examine for a moment the ability of our possible enemies to sub- 
ject us to such attack. To those who may read this paper it is not 
necessary to do more than refer in general terms to the naval power 
of foreign nations, so great is it in comparison with our own. As we 
have seen, every form of attack to which we may consider ourselves 
liable will be inflicted by a naval force, and the ability of any nation 
to inflict such punishment will depend directly upon her naval 
strength. An examination of the following table shows that any of 
the countries named have the necessary force to indulge in one or 
more of these forms of attack against us. So far as threatening our 
coast towns is concerned, it may be done by a single cruiser. She 
might be inferior in speed to many of our own vessels and yet elude 
them for a long time. 


rst Class. ad Class, 3d Class, 4th Class. 
Great Britain.”* . . . . 160 40 95 35 
i. « « « « = a 9 12 2 
' ae 40 72 21 
Germany, ae a 21 30 12 
rs ¢ « « + © » ) a 13 15 9 
i. « + « 6a (a 12 27 3 
Ts sce. «oe 2 2 28 3 


* Does not include torpedo gunboats, composite gunboats, or older vessels. 
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The vessels are here classified to include, first, all vessels fitted for 
blockade duty, and comprise armored ships of all classes, not coast. 
defense vessels, cruisers, and gunboats of more than 800 tons; 
second, all vessels capable of attacking fortified positions and bom. 
barding, and comprise all armored vessels mounting rifled guns of 
10-inch or larger caliber, not coast-defense vessels; third, all vessels 
suited for marauding and attacking less strongly fortified places, or 
bombarding unfortified places near enough deep water to be within 
range of their guns, and include all cruisers and larger gunboats, not 
including armored ships ; fourth, all vessels adapted to acting singly 
along the coast of an enemy for the purpose of destroying commerce, 
shelling unprotected towns, carrying despatches, etc., and include 
all fast cruisers of 15 knots and upwards. Torpedo-boats have no 
place in this table, because I intend to show that they are not 
adapted for attack upon a distant coast, and will not be used for that 
purpose except, possibly, at three places upon our coast ; and evenat 
these they will be of little use if proper provision is made against 
them. 

Before proceeding farther with our subject, it becomes necessary to 
fix some limits to the responsibility of the navy in defending the 
coast, and to decide what part of the duty shall be performed by the 
navy and what part by the army. We are met at the very outset 
by the fact that there exists a considerable difference of opinion upon 
this question between the army and navy. A consideration of these 
differences and the reasons for them, pro and con, would require 
much time, and probably lead to no decisive result. The scheme of 
naval defense that is here submitted should be practicable and 
adapted to the situation as it exists. We shall, therefore, assume the 
present division of duty between the army and navy as the proper 
one, reserving a few suggestions upon the matter for another time. 

It is evident, then, that in providing for a proper naval defense of 
our coast, we must assume that that portion of the defenses which 
belongs to the army has been provided. If we were required to 
provide a naval defense that would effectually supplement the 
present land defenses, it would require a navy enormously greater 
than would be necessary with properly constructed land defenses. 
It is understood that no such naval establishment is contemplated— 
only what would be necessary to secure our coast against molesta- 
tion after everything had been accomplished by forts, submarine 
mines, etc., that properly belong to the land defenses. These should 
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be able to resist unaided, though they may not completely protect 
the city, the attack of any naval force that could be brought against 
them, whether by one nation or a combination of them. If these 
defenses can be placed at such a distance in advance of the objects 
to be defended as to render it impossible for any attacking fleet to 
reach these objects with its heaviest guns, and the channel-way is so 
obstructed by mines or other means as to make it impracticable to 
pass the forts, then the land defenses become a sufficient and com- 
plete protection. If the city to be defended is so near deep water 
as to make this arrangement of the fortifications impossible, or if a 
fleet can bombard the city without passing the forts, or if the channel- 
way to be guarded is too broad to be protected by gun-fire, or the 
current too swift or water too deep to permit the use of mines, or the 
nature of the shore, as at the mouth of the Mississippi, does not 
permit the construction of forts, then in all such cases the defense 
must be made, in whole or in part, by floating structures. The 
characteristics of these floating defenses must depend upon the posi- 
tion to be defended. In other words, they must, in a measure at 
least, be adapted, like the fortifications, to the particular place to be 
defended, and consequently must form a part of the defenses of the 
place, and not a part of the sea-navy detailed for this duty, though, 
of course, belonging to the navy. 

Before going into particulars, it will be well to classify the means 
for naval defense as far as possible, and for convenience they may 
be divided into torpedo-boats, gunboats, rams, and floating batteries 
or coast-defense vessels. 

The characteristics of torpedo-boats are so well known and ‘con- 
form so nearly to one standard regarding speed and handiness, that 
it is unnecessary to do more in this place than say that an attempt 
will be made to show that they will form a most important part of the 
defenses of the coast. Their use at sea in a naval engagement is of 
very doubtful utility ; but where they can act from a shore base, only 
making excursions of short duration, when they can select their 
Opportunities, starting with fresh crews and every detail in perfect 
condition, they become weapons of great destructive power, and 
produce a moral effect resulting in a great advantage to the defense. 
For this purpose of defense they should be as small as possible con- 
sistent with the necessary speed and ability to carry the required 
weapons. The utility of torpedo-boats, in the estimation of naval 
men, has fluctuated in a most remarkable manner during the past few 
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years. At one time they were looked upon as threatening extinction 
to ironclads, and as a sure and sufficient means of defending a coast: 
swift, invisible, and striking a fatal blow, all nations made haste to 
provide themselves with great numbers of these little craft. Had the 
capacity to build them been greater, the number in existence to-day 
would be much greater than it is, owing to the desire to possess 
them. Trials at sea demonstrated, however, that they had not the 
sea-keeping qualities at first inferred from the long voyages which 
those first constructed had made. The many breakdowns under 
normal conditions at sea, added to the protection against torpedo 
attacks furnished by steel nets, had the effect of greatly reducing the 
number of their friends. To overcome these objections and make 
these little vessels seaworthy, they were increased in size until they 
have, in a great degree, lost on¢ of their most important character- 
istics, viz., invisibility. 

It is only under exceptionally favorable conditions that torpedo- 
boats should attack during the daytime. The Minn river episode 
cannot be taken as a fair indication of what would happen in a 
similar fight between European nations. But, at night, the moral 
effect upon a ship’s company would go far to destroy the efficiency 
of their defense when they realized that they were attacked by a 
number of torpedo-boats. On the other hand, the immunity furnished 
by darkness to those in the torpedo-boat infuses them with courage 
and confidence ; all their faculties are under command and they are 
capable of their best efforts. Recently a more moderate and reason- 
able estimate of the abilities of these boats has prevailed, and they 
have, somewhat, been restored to favor. Their legitimate field of 
operations is that above indicated, as coast defenders. They will not 
be used to any considerable extent by a naval force acting against 
the defenses of a coast. 

The distinctive features of a coast-defense vessel, as compared witha 
sea-going vessel, are that the former should possess the maximum 
powers of offense and defense, with the least practicable draught and 
displacement. Great speed and the ability to keep the sea for any 
considerable time are relinquished in the coast-defense vessel, in 
order to secure the important qualities of light draught and handi- 
ness that belong to a small vessel. The modern sea-going ship, on 
the other hand, should possess high speed and great endurance, and 
with these must be combined offensive and defensive powers accord- 
ing to the duties expected of the vessel. It is, therefore, much easier 
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to combine in a single vessel the qualities required in a coast-defense 
yessel, than it is to secure the necessary qualities in a sea-going ship. 
Indeed, so impracticable is it to combine in one vessel high offensive 
and defensive powers together with great speed and endurance, 
which are only the main requisites in a sea-going ship, that it is no 
longer attempted ; but certain qualities are sacrificed to secure some 
other in the greatest degree of excellence, and for special purposes, 
as when defensive power is sacrificed to speed or endurance, or when 
the latter is given up to secure offensive power. 

Coast-defense vessels should have an advantage over any vessel 
carrying the same guns that may be sent against them. Such an 
advantage would be secured were they of lighter draught, enabling 
them to work over shoal water where the enemy could not follow. 
In such cases they would be secure against ramming, and probably 
against Whitehead torpedoes. Such an advantage would also be 
possessed had they great manceuvring power, enabling them to take 
positions of advantage ; and this would be secured by having smaller 
vessels than those of the enemy, and fitted with twin screws, The 
coast-defense vessel should then mount guns equal or superior to 
any probable enemy ; she should have protective armor of greater 
thickness, while she should be, at the same time, a smaller vessel and 
of lighter draught. The architectural problems involved in the con- 
struction of such vessels have not been as carefully studied as in the 
case of deep-draught vessels. The model experiments that have 
been made in Europe, to determine the best form of vessel, have not 
included the question «f large displacement on light draught. Other 
nations have not the interest in this problem that we have, and our 
government should provide for its careful study. 

To the efficient defense of a coast, it is important to be able to act 
offensively when opportunity offers, or when an advantage would be 
thereby gained. A blow struck at such a moment may be decisive, 
while to be powerless to follow up the effect of a repulse by the forti- 
fications would permit the enemy to recuperate and renew the attack, 
or at least to withdraw when they might have been destroyed. If, 
during an attack, one or more of the enemy’s ships take the ground, 
or otherwise become temporarily disabled, a prompt attack by coast- 
defense vessels might completely disable or even destroy them. An 
enemy’s fleet will attack a fortified position with confidence if they 
know that they have only to withdraw in case they are worsted, and 
that there will be no danger of further injury beyond the range of the 
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forts. A hostile fleet arriving off any one of our large ports defended 
by forts and mines, could deliberately plan and try one method of 
attack after another. They could concentrate their efforts upon one 
point, or divide the fleet, and attack several points at the same time, 
and they could make the attack either during the day or night. If 
however, the stationary defenses are supplemented by coast-defense 
vessels, rams, and torpedo-boats, the enemy must be much more cir- 
cumspect, and his position becomes critical if, from stress of weather 
or other cause, any of the fleet loses the support of the remainder, 
A night attack becomes hazardous in the extreme. He must with- 
draw the main part of the fleet far from the coast during the night, to 
prevent surprise from torpedo-boats. He must at all times have 
assembled a force superior to that which may at any moment emerge 
from the port to attack him. 

It therefore appears to be desirable to supplement the land 
defenses by such floating defenses as will make the approach of an 
enemy more hazardous, and restrict his demonstrations to the nar- 
rowest limit possible. While such floating defenses may not materi- 
ally augment the statical defenses of the place, their presence compels 
the enemy to make more extensive preparations for a given attack, 
requires a larger force and greatly increased caution. In this indirect 
way the floating defenses add largely tothe resisting power of a given 
locality. This may be considered the passive influence of floating 
defenses; but they may play, also, an important active part, under 
circumstances that are adapted to their peculiar functions, and 
that are sure to arise in all naval attacks. Coast-defense vessels 
may even constitute the main defense of a port whose peculiar posi- 
tion does not permit its being defended by forts. 

The duties here outlined for coast-defense vessels may be less effi- 
ciently performed by the regular naval force, but the legitimate field 
of action of such a force is upon the high seas, in protecting our com- 
merce, in destroying the commerce of the enemy, in making attacks 
upon undefended and important portions of his coast (thus forcing 
him to maintain a fleet at home), or in meeting and destroying his 
fleet. Ifthe navy proper is held for coast-defense, these other im- 
portant duties must be largely neglected, and some of the most effi- 
cient means of bringing the enemy to terms be disregarded. A naval 
force that is adapted to the wide range of its duties at sea is not 
well adapted to the work of defending a coast. Vessels capable of 
carrying and fighting heavy guns at sea, under all conditions of 
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weather, must have great displacement, drawing too much water for 
service in the shoal waters of our harbors. Such vessels would have 
no advantage over vessels of the enemy mounting similar batteries, 
whereas vessels can be built that will have decided advantages under 
the same circumstances. The small depth of water of our Atlantic 
ports, if rightly taken advantage of, may prove one of our strongest 
means of defense. Great ironclads carrying the heaviest guns, and 
possessing sufficient endurance to be sent across the ocean, must 
necessarily draw so much water that they could either not enter many 
of our ports, or could do so only with the greatest caution; while 
vessels intended only for coast defense could be built, carrying the 
heaviest guns with ample protection, which should be able to man- 
ceuvre in our harbors and easily destroy a vessel limited in its man- 
ceuvring power by its great draught of water. With us, this argument 
has peculiar force, and too much stress cannot be laid upon it. We 
should not hesitate to avail ourselves of a means of defense so 
admirably adapted to our peculiar coast. 

Floating defenses should be employed in the following cases : 

1. Where the proximity to deep water of the place to be defended 
renders it impossible to makea proper defense by batteries on shore. 

2. Where the great width of the approaches to the place to be 
defended renders it impracticable to reach all points of such approach 
with an efficient fire from guns on shore. 

3. In places where from the nature of the ground, as at the mouth 
of the Mississippi river, it is impracticable to mount heavy guns in 
forts. 

These three cases may be considered as being decided by condi- 
tions imposed by nature. In the first of the three cases cited, where 
coast-defense vessels should be employed, the application of the rule 
will depend upon the range of guns mounted on board ship. For it 
is evident that in order properly to defend a city, the vessels of an 
enemy should not be permitted to approach it within the extreme 
range of his guns without coming within destructive range of the 
guns forming the defense. A city forms a large target, and when it 
can be reached by a fire of heavy shells its destruction is certain. A 
vessel, on the other hand, forms a small target; and when it is 
heavily armored and in rapid motion, it can be injured only at short 
range. It therefore becomes necessary at the outset to decide upon 
what may be considered the extreme range of guns mounted on 
board ship. The range of the heaviest high-power guns has been 
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estimated probably with considerable accuracy, and may safely be 
taken as 10 miles. As this extreme range is secured only at consid- 
erable elevation, thus making the energy of the recoil in a vertical 
direction very great, ships are probably not constructed now to with- 
stand such great strains, and consequently could not avail themselves 
of the extreme range of their guns. Yet there is no reason why 
vessels should not be so constructed, while a wise precaution would 
lead us to take it for granted, and even anticipate a large increase in 
the range of the guns of the future. Assuming that an armored 
vessel cannot maintain her position for any considerable time within 
2 miles of the heaviest guns mounted in forts, it would appear that 
a city would be, theoretically, perfectly defended if the defenses were 
8 miles in advance of the city. The attacking vessel would then be 
compelled to remain at a distance of 10 miles. 

Applying these considerations to the case of Boston, it will be seen 
that if heavy guns are mounted on the outer islands at the entrance 
and at the east point of Nahant, there would still remain a small 
space in Broad Sound, within 64 miles of Boston State House, which 
would be more than 2 miles from any guns mounted on shore, yet 
only a little more than 2 miles; and the margin being so small, in 
this case the city might be considered as well defended if proper 
defenses were erected on shore. On the other hand, in foggy 
weather to which that part of the coast is subject, the enemy could 
enter Broad Sound to a point within 6 miles of Boston State House. 
A fog would not prevent the approach of the enemy, nor would it 
materially interfere with the destructiveness of his fire. 

The functions of the gunboat in coast defense are similar to those 
of the larger vessel; the difference in size entailing upon the gun- 
boat light armor, or ng armor at all, and lighter guns. The gunboat 
would, therefore, be adapted to the defense of less important positions, 
or positions where only light guns could be brought to the attack. 
Being small, and carrying but one heavy gun, she would depend 
upon her small size rather than armor to escape injury from the 
enemy’s shot. Like the coast-defense vessel, every consideration of 
coal-endurance and sail-power must be sacrificed to weight of gun. 
Only moderate speed but great handiness are essential. A.vessel to 
mount one ten-inch armor-piercing gun can be constructed upon a 
displacement of 300 tons and a draught of 7 feet, with a speed of ten 
knots and an endurance of about 1000 miles at 8 knots, to have two 
screws and protection against machine guns. 
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The office of the ram in coast defense will be similar to the torpedo- 
boat; acting on the offensive by making excursions against the enemy 
at night and in thick weather ; in attacking a vessel that has become 
disabled by gun-fire or a torpedo, or that has grounded or become 
deprived of the support of her companions from any cause, as well 
as acting in conjunction with the other vessels in a general attack. 
The essential characteristics of a ram for coast defense are sufficient 
weight to accomplish the destruction of any vessel by ramming, which 
would probably result from 3700 tons at a speed of 15 knots, which 
would give a striking energy of 27,750 foot-tons. The speed should 
be as great as possible, in order that her weapon may be effective. 
She should have manceuvring power and speed sufficient to enable 
her to ram any armored ship. As before stated, she will be required 
to act outside, where her greatest speed will be required, where 
other vessels will also be able to manceuvre at high speed. She 
should have the maximum protection that the other conditions will 
permit. These characteristics will exclude any heavy battery. In- 
deed, the vessel herself is the projectile, and to complicate its use 
with that of guns would serve only to detract from its efficiency. A 
gun could be used only by chance; a ram would be expected to 
meet the most powerful ships built, and against their armament her 
single heavy gun, if she were provided with one, would count for very 
little. 

The ram should, therefore, have a draught not exceeding 15 feet, a 
displacement not exceeding 3700 tons, a speed of 20 knots, with twin 
screws. She should be constructed in a manner to endure safely the 
shock of ramming, and be well protected by armor, especially from the 
gun-fire of the vessel she may be attacking. Light draught is necessary 
for the same reason that it is necessary in the case of other harbor- 
defense vessels, that she may manceuvre in shoaler water than the 
enemy. The high speed is necessary in order that she may use her 
ram. Although such speed would not be necessary in a harbor, 
because an enemy would not venture to manceuvre at full speed, yet 
it would certainly be required when attacking the enemy in open 
water. The least displacement possible with the necessary weight 
is also required, in order that the vessel may turn quickly. Coal 
endurance may be reduced to a minimum. 

It should be here remarked that the vessels so far suggested are 
intended only to complete the defense of our ports, in conjunction 
with the land defenses, against a naval attack ; and also to prevent a 
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close blockade by a naval force inferior to the vessels that may be 
assembled for the defense of the port. This much they would be 
prepared to do without reference to the cruising vessels of the navy, 
It should also be explained that no reference has been made to either 
the dynamite gun or submarine torpedo-boat as coast defenders, 
because it is believed that the pneumatic gun is not adapted to such 
service. 

The writer is aware that in this he differs from the opinion held by 
many army officers upon this general subject of mortar fire. While 
the pneumatic gun admits of greater accuracy of fire than a mortar, 
because of the precision with which the pressure can be controlled, 
yet it is essentially a mortar, and the inherent defects are the same 
in both, when used against a moving target, when the target is not 
constrained to move over any particular area, or at any particular 
speed, or in any particular direction. A heavy mortar fire that can 
be directed upon a particular area, as a point in the channel-way 
over which a hostile fleet must pass, would, certainly, furnish a most 
effective means of defense ; and the pneumatic gun, under the same 
circumstances within its range, would give a better defense than 
mortars if this range does not fall within the mine field of the defense. 
As a naval weapon it is soon to be tested in the dynamite cruiser, 
and if, under the conditions of practice afloat, it can accomplish its 
object better than the auto-mobile torpedo, then it should be adopted 
without reference to the possibility that it may be superseded by a 
powder gun for projecting the torpedo. Even in the present highly 
developed condition of the weapon, it is not practicable to assign it 
a place and specific duty in the defense of the coast. It promises 
well; but good promises cannot be made available in so serious a 
matter as the defense of our country. We must, therefore, wait until 
further trials determine its capabilities as a naval weapon. 

The writer considers that the submarine torpedo-boat should be 
placed in the same category as an untried weapon. It carries the 
characteristic of invisibility to the utmost limit, but I think it has 
thereby greatly limited its usefulness as a rival to the surface torpedo- 
boat. A submerged torpedo-boat could not operate against a ship 
under way; there is no means by which the position of the enemy 
could be determined after the boat is submerged. It is not an answer 
to say that the boat need not be entirely submerged when attacking 
a moving ship. If it is not necessary that she should be so submerged, 
then she should not be a submarine boat; and it is possible that such 
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a degree of invisibility as is possessed by a so-called submarine boat 
when her conning tower is above water should be given to all our 
torpedo-boats. But it is evident that, in dispensing with the appli- 
ances necessary to secure complete submergence, the boat becomes 
less complicated and expensive. In the submarine boat, a lingering 
connection with the surface might be had by means of a mirror 
throwing the image of the enemy down a tube fitted water-tight upon 
the surface of the glass dome. This might be destroyed without 
detracting from the safety of the boat. Certainly there are other 
fields for the use of a submarine boat in coast defense than in attacking 
the enemy under way. Inthe attack of a ship at anchor at night she 
might pass beneath the protecting torpedo-net and attach her torpedo 
to the bottom of the ship. The boat would be more serviceable to 
the attack in exploring mine-fields, placing counter-mines, etc., etc. 
As a coast-defense weapon, I think, for the present, its place must 
remain unsettled. 

Whether gunboats or larger vessels will be required in any 
particular case will depend upon circumstances, and each case must 
be considered by itself. As before stated, the local conditions 
must decide this question as well as many others. I may here 
refer to the principal conditions, one or more of which will exist 
in each case, and leave the special application until we come to 
consider in detail the points to be defended. First, then, is the 
importance, either from a military or commercial point of view, of 
the place to be defended. Remembering that we now refer only 
tosuch places as are found to require naval defenses, it is readily 
seen that where the temptation to attack is not great, the defenses 
may be moderate. The wealth, commerce, and dock-yard of a 
great city like New York would call forth the greatest efforts of an 
enemy. Ships might be lost, many lives sacrificed, and much time 
consumed in the capture or destruction of a city like New York, and 
the result to the enemy or the loss to us would be sufficient return to 
the enemy. As an example of another kind of temptation to attack, 
we may cite the city of Portland, Maine. Should we ever become 
involved in war with England, the possession of this city would be of 
the first importance to that country, from its strategical position. 
It is the terminus of the Grand Trunk Line of Canada, over which is 
most conveniently carried all the winter traffic of Canada. The 
harbor of Portland is excellent and never obstructed by ice, and this 
is not the case with any other harbor along that coast. Portland 
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would, therefore, seem to be a necessity to any campaign carried op 
from Canada. 

The second local condition to assist in deciding the character of 
the naval defense is the depth of water from which the position must 
be attacked, and this condition acts to decide the character of the 
naval defense in two ways: (a) by limiting the size of the vessels 
that can engage in the attack ; and (8) by limiting the draught of 
vessels that can be used in the defense. The following table shows 
the number of vessels belc..ging te each country named that can 
enter the principal ports of the United States, the vessels being 
divided into two classes—the first comprising all vessels mounting 
modern guns capable of piercing from 12 to 20 inches iron, and the 
second, vessels mounting guns capable of piercing more than 20 
inches of iron. From this it is seen that the comparatively light 
draught of water that can be carried into most of our principal ports 
furnishes a bar to the entrance of the larger armor-clads of Europe. 

ATLANTIC COAST. 

The conformation of our Atlantic coast is such as to form natural 
divisions or sections, as I have chosen to call them, which may be 
defended separately. In the scheme of coast defense that I have 
to propose, the defense of each section is made independent, and 
comprehends the defense of all points within the section. The vessels 
of every description provided for each section would constitute a 
separate command, in order to secure unity of action. In certain cases 
and under certain conditions, the forces of two or more sections would 
be combined. The command of all the coast defenses from Eastport to 
Galveston would be under the control of a single officer, who would 
be stationed at some central point on shore, preferably New York. 
His duties would consist in centralizing all information regarding 
the enemy and his movements. He should be in direct telegraphic 
communication with the station of each commander of a section. He 
would receive reports from them, of everything happening in their 
section, and in turn transmit information to them of the approach 
and strength of the enemy. The main duty of the office would beto 
decide when the naval forces of two or more sections should be com- 
bined. Beyond this decision, he would not interfere with the opera- 
tions of each commander of a section while he was dealing with the 
enemy. When the defenses of two or more sections were combined, 
they would be under the command of the officer in charge of the 
section in which they were acting. 
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The commander of each section would also be stationed on shore 
at some central point in his section, whence he would be in direct 
telegraphic communication with the commander-in-chief, and with 
every town and lookout station within his section. His duties would 
be to transmit to the vessels of his command all information regard. 
ing the movements and strength of the enemy, and to order them 
where to meet the enemy on his approach, and to give general orders 
as to the mode of attack or defense. The general rules regarding 
naval command afloat would hold from the moment telegraphic 
communication ceased between the commander of a section and the 
senior officer in command of the vessels. Communication should be 
renewed at short intervals, however, by means of the torpedo-boats, 
for the sole purpose of obtaining information. 

The first section in this plan is the coast from Eastport to Cape 
Ann. This curve of the coast presents a case that is not to be 
found elsewhere. The many and deep harbors that indent the 
coast permit an enemy’s vessel, of any draught, to approach the 
numerous and thriving towns to any desired distance. The great 
depth of water at the entrance to Penobscot bay, and the considerable 
rise and fall of the tide on the whole coast, together with the swift 
currents, make the use of submarine mines difficult, if not impossible. 
The great length and breadth of Penobscot bay renders it impossi- 
ble to defend it by fortifications ; while at least five thrifty towns and 
cities situated on its borders can be approached by deep-draught 
ships. 

It is therefore proposed to make the defenses of this section from 
Eastport to Portsmouth mainly a floating defense, and to treat that 
distance of about 200 miles as a unit; or in other words, adapt the 
whole defending force to act at any point within this distance, and at 
the same time make it sufficient to defend all points on the line at 
once. 

It is to be observed that the natural conditions existing throughout 
this section are very similar; there is sufficient depth of water for the 
largest vessels to approach any of the towns, and their proximity to 
either a broad bay or the open sea renders defense from land 
impracticable. The inducements to attack are about equal at the 
different points to be defended, except, perhaps, in the cases of Port- 
land and Portsmouth already referred to. If some were defended 
and others left without protection, the enemy would select the latter 
for any purpose for which any of them might be required. On the 
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other hand, there are no large cities within these limits, and they 
would not, therefore, present a strong temptation to plunder. In 
case of a war with England, the capture of these towns by the fleet 
would secure the flank of anadvancingarmy. This last contingency, 
as before stated, is probably a remote one. It is, therefore, thought 
that the defense of this coast can be secured by the following vessels :* 





No. of Vessels. Type 12 h 1 Soin h Cost. 
3 2d 6 6 $9,01 90,000 
2 Rams ae al 2,000,000 
30 Torpedo-boats one see 3,000,000 
COR Bsestctcs. Mocsstet $14,000,000 


In time of war the torpedo-boats would be distributed to the 
principal ports in groups of not less than five (5), which should 
always be prepared to act together. The large vessels would be 
divided into two or more divisions, most advantageously stationed 
at Portsmouth, Portland, and the Penobscot river. The officer in 
command of the section would be stationed at Portsmouth, and would 
constantly be in telegraphic communication with each division. 

Massachusetts Bay, which measures but forty (40) miles from Cape 
Cod to Cape Ann, constitutes the second section. It may be defended 
by the following : 


Guns, 


No. of Vessels. lype 14-inch, o-inch Cost 
2 Ist 4 4 $7,000,000 
2 Rams oe _— 2,000,000 
10 Torpedo-boats “ sna 1,000,000 


_ | er ee $10,000,000 


Within this bay are situated the towns of Gloucester, Salem, 
Marblehead, Lynn, Nahant, Plymouth, and Provincetown. These, 
together with the city of Boston and the numerous towns that 
constitute its suburbs, can be reached by guns mounted on board 
ship from deep water and without coming within too destructive 
range of any possible fortifications. 

None of these smaller sea-ports are now protected by any fortifi- 
cations, and it would be impracticable to do so. Broad Sound is the 
only position from which Boston can be bombarded without coming 


*See Appendix for general description of these vessels. 
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within close range of fortifications that might be placed upon the 
islands that form the limits of the outer harbor. As before stated, 
a vessel can take a position in this sound two miles from any possible 
fortification and be within six (6) miles of Boston, East and South 
Boston, and Charlestown. Fortifications placed at Nahant, Grover 
Cliff, and Winthrop Head would have such a vessel at a range of 
about two miles, and it might be assumed that a vessel, or a number 
of them, would not take such a position for bombardment in day- 
light if suitable fortifications were placed as above indicated. It may 
also be granted that during a clear night the search-light would be 
sufficiently powerful to reveal the position of a vessel at that distance 
with sufficient distinctness to enable the guns of the fortifications to 
be pointed. If the night were misty, the electric light would not 
reveal the position of the enemy, and, in one of the fogs so frequent 
on that coast, the fortifications would be powerless to discover the 
position of the enemy ; for the sound of his guns would be no guide. 

Now there would not be the least difficulty to the commander ofa 
vessel, even in a thick fog, in placing his ship in the desired position 
in Broad Sound, or in pointing his guns to drop the shell within the 
limits of the city of Boston. The angle subtended by the city at the 
distance of six miles in Broad Sound is about 25°, and the rectangle 
of fall within which the shell would produce damage would be two 
miles square. When the range corresponding to different elevations 
is known, it would be perfectly practicable to point a gun by compass 
bearing with all required accuracy to hit a target having an area of 

ur square miles. Indeed it is probable that the pointing would be 
a ein much the same way in daylight and clear weather at such 4 
lon, range. It is, therefore, evident that the cities and towns situated 
on th. bay cannot be defended without the assistance of a naval force. 
Certain.v the whole bay could be blockaded by comparatively few 
vessels if t: ere were none to oppose them. The naval force here pre- 
scribed for he defense of this section would certainly deter a much 





superior ene xy from approaching in a fog or darkness. The better 
local knowlec xe possessed by the defense, and the better means at 
their commanc for determining the approach of the enemy, would 
change to a stat: of great uncertainty the feeling of confidence and 
security that tl enemy would possess if they knew they had only 
the fire of the iorts to encounter. It is doubtful if any commander 
would venture to retain even a much superior force within the limits 
of the bay, when he knew he was liable to attack from four such 
vessels as are here recommended. 
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It must be remembered that the defense has the advantage, under 
such circumstances, of many watchful eyes along the whole coast, and of 
thetelegraph to quickly inform the defenders, of the position and move- 
ments of the enemy. This great advantage of rapid communication 
is one of the main reasons for proposing this method of defense. The 
early notice that the defense may receive of the intentions of the 
enemy, and the promptness with which the defense-vessels may 
assemble at any threatened point, make it practicable to offer imme- 
diate resistance at all points. An enemy entering this bay to 
approach any of these towns must pass within less than twenty miles 
ofthe land. Look-out stations at Cape Ann and Cape Cod, together 
with a few look-out torpedo-boats, would (in fair weather) be able to 
see an approaching enemy, and, by telegraph, warn the commander 
ofthesection at Boston. The enemy having entered the bay—which 
he would not dare to do with a force inferior to the defense—a strict 
watch would be kept upon his movements, and the defense would be 
prepared to strike a blow at the first opportunity. The one precau- 
tion that would have to be observed constantly in this case would be 
not to permit a superior enemy to get between the defending vessels 
and the fortifications of Boston, which must be considered as the 
rallying point when pressed by a superior force. With a fair chance 
of success, the section commander should give battle at any time; 
while against a decidedly superior force he must employ every means 
to prevent the enemy from approaching the coast to bombard it. A 
threatening attitude at all times, with vigorous attacks with the rams 
and torpedo-boats at night and in thick weather, would rapidly 
reduce the enemy’s coal supply, and render his position dangerous. 

It is not intended to lay down rules of action to guide the use of 
the proposed naval defense, further than to point out that it would be 
adequate to meet the demands made upon it. The mere presence of 
such coast defenders at once and always, fixes the limit to the naval 
force that will venture to attack the section defended. Against all 
inferior forces the section of the coast is secure. 

The next and third section comprehends Buzzard’s Bay, Narragan- 
sett Bay, and Long Island Sound. A glance at the chart shows that 
all the places to be defended along this stretch of coast from Cape Cod 
to New York lie within the waters above named. It is also seen that 
these two bays and Long Island Sound open upon a common and 
very limited area. From the Elizabeth Islands, which form the 
southern shore of Buzzard’s Bay, to Montauk Point, is only fifty miles. 
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Any vessel entering either of these large sheets of water must pass 
between these points. It is, therefore, seen how readily this section 
lends itself to a naval defense, that, acting within a limited area, 
may protect many large cities and deprive the enemy of any harbor 
of refuge. In this connection may be seen the great advantage that 
would be secured to a naval defense of the coast from a canal cut 
through from Buzzard’s Bay to Massachusetts Bay. Suchacanal would 
permit the speedy combination of the defenses of these two sections, 
and permit theconcentration of a double force upon an enemy appearing 
at either point. The distance between the headquarters for the defense 
of the two sections would be less than 100 miles, while the enemy 
passing from one point to the other would have to traverse a distance 
of 233 miles, thus enabling the two squadrons of the defense to com- 
bine in less than eight hours. With suitable look-out vessels to 
watch the movements of the enemy, he might easily be confronted by 
the united defense of the two sections, at whichever point he might 
appear. 

I think the strategical importance of such a canal would warrant 
the expense of its construction, while its commercial! value would be 
very great, forming a practically inland route between New York 
and Boston. Buzzard’s Bay cannot be defended by forts, as the 
distance across the mouth of the bay is six miles. New Bedford 
cannot be approached much nearer than six miles, if the buoys were 
removed. Protecting forts can be placed on either side of the harbor 
entrance, at a distance from the city of four miles on one side and 
five miles on the other. The city would not, therefore, offer a very 
great temptation to bombardment, and would be entirely secure with 
a moderate naval defense to prevent blockade. Narragansett Bay 
can be closed by forts, if submarine mines can be used at such a 
depth as would be here required. The city of Newport, however, 
can be reached at moderate range from the open sea. Onily a naval 
defense can make it or the naval station secure against bombard- 
ment. Long Island Sound can be protected only by ships. The 
Race is about four and a quarter miles wide, and this would be the 
distance apart of any fortifications which might be placed upon Gull 
and Fisher's islands. The other passage into the sound may be 
closed by gun-fire alone, as it is narrow. An enemy would use the 
Race, no matter how strongly protected by forts. 

A paper read before the U.S. Military Institution criticises the 
“ Board on Fortifications and other Defenses,” for not defending this 
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passage, and thus protecting all points within the sound, including 
the eastern entrance to New York itself. The Board was of opinion 
that an enemy could not be stopped at the Race by fortifications, 
and as that Board was organized to make practical recommendations, 
I think it wisely placed the defenses where they were confident the 
enemy eould be stopped. The recommendations of the Board did 
not present the beautiful simplicity of the plan in the paper above 
referred to, in which 20-inch guns are advocated for each side of the 
Race. 

It should be remembered that submarine mines could not be used 
here, thus leaving the passage free to a vessel to pass at full speed. 
A vessel passing in with the current need not be under fire from 
fortifications on Gull and Fisher’s islands more than half an hour. 
On a dark night, or in foggy weather, which so often prevails in this 
locality, vessels might pass through the Race without being discovered 
from shore, even with the best use of search-lights. Indeed, I am of 
opinion that the use of search-lights under such conditions would be 
of greater advantage to the enemy’s ships than to the defense ; because 
they would clearly mark the limits of the passage, and enable an 
officer to dash through with entire confidence, which he would lack if 
all lights were extinguished. The naval members of the Board above 
referred to, recognizing the overwhelming importance of making 
Long Island Sound secure against intrusion, recommended—as will 
be seen by reference to the report—four vessels mounting four 
14-inch, four 12-inch, and eight 10-inch guns, besides torpedo-boats. 

After a careful consideration of the case, and combining the defense 
of this sound with the necessary naval protection for Buzzard’s and 
Narragansett bays, I have concluded to add to the defense above 
recommended two rams, making the defense of this section consist 
of the following : 








No. of Vessels Type 14-inch se-in h. 10-inch Cost. 
2 Ist 4 eo 4 $7,000,000 
2 2d pes 4 4 6,000,000 
2 Rams ys we aa 2,000,000 
20 Torpedo-boats i Be sail 2,000,000 
$17,000,000 


It must be understood that the naval defense here recommended is 
not to protect completely every point within the sound, and to perform 
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the office of the guns that it has been proposed to mount at the 
entrance to the sound or at Throgg’s Neck, for the defense of New 
York. A wise precaution would require fortifications at these and 
other points, to make security doubly sure. The protection furnished 
to the shores and commerce of Long Island by the above-named 
vessels would be greater than could be given in any other practicable 
way. Even a large armor-clad fleet would not venture into the 
sound in the presence of such a defense. 

Section 4, in this plan, would be the harbor of New York and ad- 


joining waters. The land defenses proposed by the “ Board on Forti- 


fications and other Defenses ” would be sufficient to protect New York 
and, probably, Brooklyn as well, except in weather favorable to the 
attack, when the enemy might be able to approach Coney Island near 
enough to shell Brooklyn and even the lower part of New York. 
But such defenses are not all that is required; it must not be possible 
for an enemy to blockade the port and cut off the commerce of this 
city. 

The harbor of New York may be said to be the throat of the na- 
tion, through which it breathes, and to permit an enemy to close it 
would be to submit to strangulation. The great importance of secur- 
ing our coast against actual invasion or bombardment has prevented 
us from a closer examination of what would result if our principal 
ports were only blockaded. Two-thirds of the revenues that sup- 
port the government, or more than $200,000,000 annually, are derived 
from duties on imports, two-thirds of which enter at the port of New 
York. Not only would the revenue be cut off for the time being, if 
the port were blockaded, but the vast system of internal transport- 
ation, centering in this city, by which these imports, amounting to 
500 millions of dollars annually, are distributed over the whole coun- 
try, would be without this occupation; while the same system of 
transportation that now annually collects from a vast area of country 
more than three hundred millions of dollars’ worth of merchandise 
and sends it through the port of New York to every part of the globe, 
would lose this occupation also.* These causes re-acting in a thou- 
sand ways along all the internal lines of trade would produce wide- 
spread loss and confusion. Nor can these great streams of commerce 
be readily changed to other seaports, granting for a moment that 


*No account is here taken of the coasting trade, which would equally suffer 


from blockade. 
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our enemy leaves us sucharesource. To effect such a change would 
only be easier than to change the course of the Mississippi to the 
Atlantic. All the great thoroughfares of traffic are adjusted to a condi- 
tion of things that now exists and that has been the evolution of many 
years, and this condition cannot be changed without giving the rudest 
shock to every industry in the land. It is not the city alone that 
would suffer, but every farmer and manufacturer would find the 
foreign market for his productions cut off. Nor would it necessarily 
be only a temporary stoppage of trade that would be resumed at 
the close of the war ; for it must be remembered that this country, 
which now exports nearly one hundred millions of dollars’ worth of 
breadstuffs annually, holds the market by only a small margin, due 
to the slightly lower freight rates from the United States to Europe 
than those which now prevail between India and Europe. That 
country is capable of producing vast quantities of wheat, and should 
the supply from this country be cut off at seeding time, it would stim- 
ulate the production in that country and turn the tide of trade in that 
direction. 

We know to our sorrow that a trade once lost is difficult to regain. 
Before the war, American shipping carried 75 per cent of our foreign 
trade, then amounting to 700 millions annually ; during the past year, 
American ships carried 14 per cent of our foreign trade, now amount- 
ing to $1,400,000,000 ; and a little calculation will show that this loss 
in percentage in our carrying trade is not only because our ship- 
ping has not kept pace with the enormous increase in the trade, but 
also because we are not now carrying much more than one-third as 
much as we did before the war, notwithstanding the trade itself has 
more than doubled. Let us take warning from this experience and 
not permit other branches of traffic to slip from us, possibly never to 
be recovered, or only after the sharpest competition, which means 
small profits and poverty. I am convinced that if the port of New 
York were blockaded for even a few months, the loss that would 
result to the nation might be as great as would be produced in the 
city by a bombardment. It is, therefore, very important to provide 
against the possibility of such a blockade. This can be done only 
by an adequate naval defense, in addition to the fortifications. The 
defense proposed is the following : 


No. of Vessels. Type. re Cost. 
3 Ist 6 6 $10,500,000 
3 Rams a ~- 3,000,000 
20 Torpedo-boats eee 20 2,000,000 
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If any doubt is entertained as to the ability of such a defense to 
prevent the blockade of New York, it must be remembered that the 
vessels defending Section 3 can readily come to its assistance by way 
of East River, and we should have seven ships mounting fourteen io. 
inch, four 12-inch, and ten 14-inch guns, five powerful rams, and 
forty torpedo-boats ; and I venture to say that such a force would 
be sufficient to drive off any blockading fleet. It might not be pru- 
dent to draw off all the naval defenses of the third section to assist 
in the defense of the fourth, but a careful watch and the use of the 
telegraph would enable those in authority to decide upon the dispo- 
sition of the vessels without much hesitation. The advantage given 
to the defense by telegraphic communication was well exemplified 
during the English manceuvres last summer, though it does not 
appear to have been taken advantage of to the fullest extent, owing 
to the fact that the blockade was abandoned by the blockaders in 
order to defend their own coast as soon as a few of the blockaded 
vessels had escaped. Had the blockade been continued, the block- 
aded vessels could have escaped, and by combining their forces ata 
pre-arranged point, have been able to fall upon one of the blockading 
fleets with a superior force. 

Another manifest advantage to the defense is the proximity of 
supplies of all kinds, while the enemy is far removed from his base, 
and, if the defense is active, the enemy. must consume his coal 
rapidly and detach his ships in turn for a new supply. If repairs are 
needed, the defense has its dockyards at hand, while the enemy may 
have to cross the ocean to secure the needed facilities. 

The 5th Section is formed by Delaware Bay. Tle important places 
situated upon the Delaware river can be completely protected by forti- 
fications, so that a naval defense is needed only to prevent the enemy 
from taking possession of the lower bay and closing the port by a 
blockade. To accomplish this, the following force is deemed sufi- 
cient : 


Guns 








No. of Vessels. Type 12-inch. 10-inch. Cost. 
I 2d 2 2 $3,000,000 
I Ram de wa 1,000,000 
10 Torpedo-boats ses wae I ,000,000 
$5,000,000 


The 6th Section is formed by Chesapeake Bay and adjacent waters 
to the southward. This sheet of water is, from its great extent and 
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. 


southerly position, as well as because of its extensive commerce, one 
of the most important places upon our coast. The large amount of 
through traffic upon this bay, which is a link in the interior water- 
way of our coast, as well as the extensive local and foreign commerce 
to and from the cities that are directly connected with it, make it 
most necessary that it should never fall into the hands of an enemy. 

Aside from the great injury that it would inflict upon us to have an 
enemy hold this bay, it would also be important for him to do so, 
because it furnishes a safe anchorage, which is accessible at all times, 
for any number of ships. It occupies a central position on the coast, 
which could be used as a rendezvous for his fleet and for his supply- 
vessels, and from which he could operate, both by sending out 
cruisers to intercept the coasting and West India trade, and by 
making it a point of departure for an attack upon any part of the 
coast. Next to Long Island Sound, it would be the most important 
place on our coast to an enemy, as furnishing a safe and commodious 
anchorage, and a central position at which to receive supplies of coal 
and ammunition. And, in addition to all this, it would deprive us of 
one of our best equipped navy-yards, which occupies an important 
strategical position. 

The entrance to this bay is too broad to be protected by forts. 
Although any vessel passing the capes must approach Cape Henry 
to within five miles, and although the water is only four or five 
fathoms deep at a distance from the cape, it is too great either to 
injure a ship by gun-fire, or to protect submarine mines by gun-fire, 
if the passage were so obstructed. We are, therefore, forced to resort 
to floating defenses in order to retain possession of this bay and to 
protect its commerce. The cities of Washington, Baltimore, and 
Norfolk can be protected by forts. It is thought that what is required 
of the naval defense would be accomplished by the following vessels : 


Guns. 
No, of Vessels Type 10-inch. 12-inch, 14-inch. Cost. 
Ist 2 ote 2 $3,500,000 
2 3d 4 4 — 4,400,000 
3 Rams eve ese vee 3,000,000 
15 Torpedo-boats pee enn _ 1,500,000 


$12,400,000 


The 7th Section in this scheme of defense includes the re- 
mainder of the Atlantic coast from Charleston southward, and there- 
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fore the harbors of Charleston, Port Royal, Savannah, and also 
Cumberland Sound (should the entrance be improved in the future 
and this beautiful sound be made as important as its position, both 
commercially and strategically, should make it). Charleston is a port 
of considerable commercial importance, and sufficient means must be 
provided to prevent its blockade. The city is about seven miles 
from deep water, and any vessel taking that position to bombard 
would be three miles from any possible fortification. The city 
might, therefore, be bombarded. As there are but 14 feet of water in 
the channel, which is readily defended by both guns and submarine 
mines, the harbor is safe against capture. Unless the entrance is con- 
siderably deepened by the jetties now constructing, it would not be 
practicable to use any but light-draught vessels for the defense 
of this port. But to prevent the blockade of either this port or 
Savannah, it is thought best to station the naval defense of both these 
ports at Port Royal. Only 17 feet can be carried over the bar at 
Savannah, and only very light-draught vessels can approach within 
ten miles of the city. The port can, therefore, be completely de- 
fended by forts. 

The entrance to Charleston harbor is about 55 miles to the north- 
ward of the eastern entrance to Port Royal, and the entrance to 
the harbor of Savannah is about ten miles to the southward of the 
southern entrance of Port Royal. 21 feet can be carried through 
either entrance at Port Royal, and there is interior communication to 
both Charleston and Savannah for torpedo-boats. Therefore, if we 
have a proper naval force stationed at Port Royal, it would be able 
to prevent the blockade of either of these ports and the bombardment 
of Charleston, although the vessels themselves might not be able to 
enter either port at all tides. While Port Royal is a place of little 
commercial importance, it will be necessary to defend it by suitable 
fortifications, in order that it may be a harbor of refuge for our own 
vessels if overtaken by a superior force, and also a refuge for coast- 
ing vessels. When we consider the office of our cruising fleet in the 
defense of the coast, we shall see that this harbor is a most important 
one. Doubtless, if an enemy should find a number of our vessels in 
this harbor, it would be desirable to blockade them. But to do this 
would require a force superior to the one blockaded, so that it would 
become a question whether it would pay the enemy to undertake 
such a blockade; for it must be remembered that assistance could 
probably be sent to the blockaded vessels that would reverse 
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the inequality of the forces. There being, at present, no commer- 
cial interests to protect at this place, it is thought that all needed 
protection may be furnished by proper fortifications. 

The following vessels would be sufficient protection for this 


section : ; 
Guns. 
No. of Vessels. Type. ro-inch 12-inch, Cost. 
2 3d 4 4 $4,400,000 
2 Rams ja in 2,000,000 
20 Torpedo-boats _ oes 2,000,000 


$8,400,000 


No other ports on the Atlantic coast have sufficient water to per- 
mit the entrance or approach of a hostile vessel that could not be 
driven off by light batteries on shore. No other ports would tempt 
an enemy to blockade while the larger ports were open to trade. 


GULF COAST. 


On the Gulf Coast the ports to be defended are few, but widely 
separated. Means provided for the defense of one port cannot assist 
in the defense of another, except in the case of Pensacola and Mobile. 
The strategical importance of Key West makes it necessary to fortify 
this port in a thorough manner, in order that it may be a refuge for 
our cruising vessels and a point from which to conduct operations in 
the Gulf. It commands the passage to our Gulf coast, and near it 
must pass all the Gulf trade. Its exposed position unfits it for an 
extensive naval station, requiring expensive constructions that might 
be destroyed by bombardment. It should, however, be provided 
with means for making all ordinary repairs not requiring the docking 
of a vessel or the removal of her engines or boilers. The commercial 
character of the place renders any naval defense unnecessary. Key 
West is about 500 miles from Pensacola or New Orleans, so that 
much valuable time would be saved to vessels operating in the 
vicinity of Key West if it were provided with suitable repair shops. 
It will also be an important coaling station. 

Tampa Bay, 230 miles north of Key West, affords excellent 
anchorage for vessels less than 21 feet draught. St. Joseph’s Bay, 
100 miles west of Pensacola, is also a secure and commodious harbor 
for vessels of 18 feet draught. Neither of these places, however, is 
of any commercial or strategic importance at present, and no defense 
need be provided. 
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The bay of Pensacola and the naval station near the mouth of that 
bay present a case, which, I think, can be disposed of in only one 
way, by the removal of the station to some other place where it can 
be protected. If a suitable place can be found at New Orleans, | 
think it would be preferable to any other point in the Gulf. In the 
first place, it would be beyond the reach of an enemy ; it would have 
ample communication with the sources of supply, and the population 
and facilities of a great city to draw upon. Pensacola has neither of 
these, and it would seem impracticable to undertake successfully and 
economically any shipbuilding or repairs at a place that is so cut 
off from all the iron industries of the country, upon which it must 
depend for supplies, and situated in a sparsely populated part of the 
country, where every mechanic would have to be imported, and 
where he would be without employment if temporarily discharged 
by the government. When ships were built of oak there was a 
reason for placing a navy-yard in the woods, but that reason no 
longer exists. New Orleans is quite as central as Pensacola. The 
latter port must be defended to secure the port to our own use and 
to protect the city, and this can be done by suitable fortifications if 
the navy-yard is removed. If the yard remains, it can be protected 
only by a considerable naval force. The yard can be approached to 
within two miles in deep water, without entering the harbor. I con- 
sider it so unwise to continue a navy-yard in such a position that no 
defense is proposed. Even if the yard were removed to the head of 
the bay, it would still be within six miles of deep water, while all the 
other objections to the location would remain. 

Mobile Bay, 40 miles west of Pensacola, is an important commer- 
cial city, and, together with the adjacent waters, constitutes the 8th 
Section. It can be perfectly defended by fortifications that will 
also close the bay against any enemy. But, owing to the extent of 
the trade of the city, it would be an important place to blockade. 
To prevent this under the conditions likely to arise, and at the same 
time furnish protection to the towns along the shores of Mississippi 
Sound and the trade of that sound, it is thought the following vessels 
will be sufficient : 


No. of Vessels. Types. 10-inch Guns, Cost. 
3 Gunboats 3 $ 600,000 
10 Torpedo-boats _ 1,000,000 


$1,600,000 
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Since modern guns require such heavy emplacements, engineers 
do not consider it practicable to construct forts on the banks of the 
Mississippi below the city of New Orleans; the defense of the city 
must then be entirely naval. Owing to the contracted and lengthy 
channel this is not a difficult matter. Two vessels of the first type 
would be sufficient for this purpose, in connection with torpedo-boats 
and the necessary submarine mines and their protecting batteries. 
Two plans of defense are possible: (1) to obstruct all the passes with 
mines, except the South pass, and make the defense at the head of 
the passes, where there is ample space for manceuvring, while the 
enemy is restricted to the narrow pass, and consequently to the use 
of not more than two vessels; (2) if no suitable ground can be 
found for the batteries to protect mines, and for observing stations, 
below the passes, then the passes can be left open and the defense 
made higher up the river; for no armor-clad could enter at any but 
South pass, while the other passes could be used by our own tor- 
pedo-boats. The following defense is, therefore, recommended for 
this, the 9th Section: 


No. of Vessels. Type. Guns. Cost. 
zo-inch. 12-inch. 14-inch. 
2 st 4 _ 4 $7,000,000 
I 2d 2 2 3,000,000 
I Ram ne its man 1,000,000 
10 Torpedo-boats cee eee _ I ,000,000 


$12,000,000 


This force would be sufficient to protect the city against any fleet 
and prevent the blockade of the port except by a superior force of 
armor-clads ; and the manner of meeting such a contingency must 
devolve upon the cruising fleet. 

The only other important port of the Gulf is Galveston, 300 miles 
west of the Mississippi. The shoal water at the entrancé, 11 feet, 
and the close proximity of the city to the sea, render it impracticable 
to make any thorough defense of the city. No guns could be placed 
on shore that could protect the city from bombardment. The 
shoal water on the bar, 13 feet under the most favorable circum- 
stances, renders it impracticable to employ vessels mounting heavy 
guns and drawing more than 11 feet water. A fleet of gunboats and 
torpedo-boats might be used to make a fight, but they could not 
protect the city unless they were superior to the attacking fleet. It 
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would then become a question of how many gun and torpedo-boats 
could be allotted-to the defense of this city. The greater the 
number, the greater must be the force that would venture to attack 
it. At present I would recommend only shore-batteries mounting a 
few heavy guns, and 5 torpedo-boats. 


PACIFIC COAST. 


The naval defenses of the Pacific Coast may, for the present, be 
comprehended in the defenses of the towns and cities situated on the 
shores of San Francisco Bay and Puget Sound. The registered and 
enrolled tonnage of San Francisco is greater than that of any port 
of the United States except New York, and the tonnage duties paid 
to the United States were greater at San Francisco during the past 
year than at any other port except New York. At the completion of 
the canal connecting the Atlantic and the Pacific, San Francisco will 
lose part of the trade that she now enjoys, yet must continue the 
emporium of a vast country, which is to grow greatly in wealth and 
population. Indeed, the increase of trade that will come to San 
Francisco through the canal may more than balance what is lost 
through the same cause. Every consideration indicates that San 
Francisco is to be a great city, and it is important that it should have 
ample protection, because of its present importance as well as its 
future greatness. 

The bay of San Francisco is only one mile wide at its entrance, but 
the water is sixty (60) fathoms deep at the same point, which renders 
the use of mines uncertain. It is probable, however, that the bay 
could be defended by forts against capture. But forts could not be 
placed to protect the city from bombardment. Next to New York, 
it is the most important port to secure against blockade. This 
object can be accomplished only by a naval force. Owing to the 
fact that no assistance can be sent from any other part of the coast, 
it is necessary that the vessels assigned to this duty should be more 
numerous than if it were possible to combine the defenses of two or 
more sections to meet an enemy that might be of considerable 
strength, as may be done at points on the Atlantic coast. It is also 
necessary in order to protect the smaller places growing up to the 
southward of San Francisco, none of which can be protected by land 
defenses. It is therefore considered necessary to station the follow- 
ing vessels at this point : 
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Guns 
No, of Vessels. Type. 14-inch. 12-inch. 10-inch, Cost. 
3 Ist 6 thi 6 $10,500,000 
2 Rams sei ane = 2,000,000 
15 Torpedo-boats _ ~ _— 1,500,000 


The important places on the Columbia River need no naval 
protection except to prevent a blockade. For this purpose it will be 
necessary to station a sufficient force in Puget Sound, which can act 
to protect both the sound and the Columbia River against blockade. 

Puget Sound is rapidly growing in importance, and is destined to 
become the site of an important naval station. The tonnage of this 
sound reported for the past year makes it rank next after that of 
New Jersey, and, according to States, it ranks eighth in the Union. 
The present isolated position of this part of our country, its prox- 
imity to the boundary, the fact that it faces a strongly fortified naval 
station of England at Victoria, renders it prudent to provide an 
adequate defense. Suitable land defenses should be at once placed 
at the narrowest part of Admiralty Inlet, and the magnitude of the 
naval defenses should keep pace with the growing commerce of the 
locality, in order that it may have unobstructed ingress and egress. 
The present promise of this commerce demands that no less than 
the following should be provided : 


Guns 


No. of Vessels. l'ype. 14-inch 10-inch Cost 
2 Ist 4 4 $7,000,000 
15 Torpedo-boats son _ 1,500,000 


San Francisco and Puget Sound would constitute the 1oth and 
11th sections in this scheme of defense, and should constitute a 
Separate command, under one officer, like the Atlantic Coast, and 
have section commanders as there provided. 


LAKE FRONTIER. 


The arrangement existing between the United States and Great 
Britain since 1817, whereby the naval force maintained on the lakes 
by either party is limited to two small vessels of 100 tons each, 
tenders any suggestion regarding the defense of our lake frontier 
impracticable, so long as that arrangement continues. It was effected 
at the solicitation of the United States Government, at a time when 
the shores of the northwestern lakes were almost entirely unsettled. 
Neither party to the arrangement had any considerable interests at 
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stake along the shores. At the present time the conditions have com- 
pletely changed. Large cities have grown up along the shore on the 
American side, while there are none on the Canadian. England has 
constructed several ship-canals, which afford uninterrupted communi- 
cation from the sea to the extreme points of the upper lakes, The 
United States has no means of passing from the sea to the lakes, or 
from Lake Ontario to the upper lakes, except through Canadian 
territory. England can, on short notice, send a large fleet of gun- 
boats directly into the lakes, while the United States would be 
obliged first to build a shipyard, and then to construct vessels. In 
other words, our lake cities are now the most defenseless portion of 
our coast, completely at the mercy of England, and they must thus 
remain, so long as the arrangement above referred to continues in 
force. 

The growth of American commerce on the lakes may be inferred 
from the fact that 46 per cent of the tonnage built in the country 
during the past year was upon the lakes, and the tonnage built has 
more than doubled each year for the past three years. It now 
amounts to nearly 900,000 tons, which is more than double that of 
the whole Pacific Coast, and one-third that of the whole Atlantic and 
Gulf coasts. It will be seen that our interests on this frontier are 
not only great and exposed, but they are yearly becoming more 
valuable, and no steps are taken to protect them. 

Shortly after the war of 1812, England saw the military necessity 
of uninterrupted communication with the lakes in case of another 
difficulty. At the same time the commercial importance of sucha 
route was very manifest. Quebec hoped thereby to secure the 
western trade, and although the development of our railroads and 
the Erie Canal have retained the trade within our own borders, and 
continued New York as the great commercial center of the country, 
yet all the advantage which by our enterprise we have secured along 
these lines is being hourly hazarded so long as we leave the great 
cities of the lakes open to destruction, in case of a war with England. 
That country now possesses 100 gunboats that can pass through 
the St. Lawrence canals and to the upper lakes. It may be urged 
that we could easily render useless some of these canals by destroying 
some of the locks, and that we could certainly secure everything 
beyond Lake Huron, as the Sault Ste. Marie Canal is in our own 
territory. But we must remember that war creeps upon us in most 
unexpected ways. To destroy one of these canals would be an act 
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of hostility, and we might find ourselves in the embarrassing position 
requiring us to perform the first hostile act, or permitting vessels to 
pass through these canals while we still hoped that the threatening 
difficulty might be settled without hostilities. 

There is not now any plan or provision made to prevent armed 
vessels from passing into these lakes. Who will assume the responsi- 
bility of destroying these canals when it is feared that we may become 
involved in war with England? To wait until war is certain, is, 
assuredly, to wait too long. No active hostilities could certainly be 
inferred from the fact that England sent armed vessels into these 
waters, notwithstanding such act was contrary to the treaty. Eng- 
land might say that her action was only to make it more desiradle 
for us to yield to her wishes regarding the matter in dispute. 

From every point of view, good statesmanship requires that the 
arrangement of 1817 should be terminated. We have great interests 
in jeopardy by its continuance, and we are powerless to protect them. 
England has little at stake under any circumstances, and at the same 
time is in a position to inflict the greatest injury upon us. She 
ought certainly to recognize the reasonableness of our desire to put 
an end to an arrangement so manifestly to our disadvantage, and 
therefore the friendly relations now existing between the two coun- 
tries should not be in the least marred. Even those who are looking 
forward to a union between the United States and Canada should 
find no objection to what would, in such a case, be a temporary 
insurance of the interests we have upon the lake frontier. 

Should the arrangement of 1817 be terminated, it might be 
replaced by another made upon a basis recognizing our paramount 
interests in the upper lakes. If a satisfactory understanding could 
not be reached, then each nation would be left to protect her own 
cities and commerce as she might see fit. Doubtless, this would 
result in providing some adequate protection for the great cities on 
our lake frontier, and England would not consider it necessary to 
compete with us in this matter, because Canadian interests would 
not warrant it. An arrangement that would be satisfactory to this 
country would consist in terminating the 1817 arrangement with 
regard to Lake Ontario, leaving it in force with reference to the 
upper lakes. 

We should then construct upon Ontario at least five (5) vessels, 
each of which should be greatly superior to any vessels able to pass 
up the St. Lawrence. These vessels may be of 2500 tons displace- 
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ment, mounting a suitable number of 6-inch guns, and Possessing 
good speed and manceuvring power. Then, with practically no 
armed vessels upon the upper lakes belonging to either party, anda 
sufficient force upon Ontario to make certain that the arrangement 
shall, under all circumstances, be observed, | believe the whole ques- 
tion of the defenses of lake frontier would be settled. 

Vessels of sufficient draught to prevent them from passing the 
Welland Canal are recommended, in order to constitute an assurance 
to England that they would not be used upon the upper lakes. The two 
countries would then be placed upon an approximate equality. Eng- 
land would still havesome advantage in being able to send small vessels 
up the St. Lawrence into Lake Ontario, while the United States must 
build her vessels on the spot. On the other hand, the overwhelm- 
ingly greater interests at stake would lead the United States to pro- 
vide a force sufficient always to command the situation. The naval 
force required to ensure our supremacy would not be great. A few ves- 
sels of the type above indicated would easily destroy any number of 
vessels England might attempt to send up the St. Lawrence, She 
would, therefore, be forced to build upon the lake any vessels that 
could hope to compete with those we would build, and the upper lakes 
would be secure against intrusion from any such vessels, because they 
could not pass the Welland Canal. Asnearly all our great cities andour 
principal lake commerce to be protected are upon these upper lakes, 
this scheme seems satisfactory from every point of view. This lake 
would constitute the 12th Section. 

It may be objected to this general scheme of coast defense that, if 
it is necessary to build such a considerable fleet of armored ships, it 
would be better to keep them together as a fleet and send them to 
meet the enemy, or, at least, to be ready to move from some central 
point to any place that might be threatened. It might be said that 
we should, in this way, be reasonably certain to outnumber the enemy 
at any point at which he might appear. The answer to this doubt 
may be found in the question, ‘“‘What could be done if the enemy 
threatened two or more points atonce?” Would it not, then, become 
necessary to divide the fleet into as many parts as there were places 
threatened? At least, would it not be necessary to dispatch to each 
point a greater number of ships than the enemy had at each, and thus 
eventually divide the fleet? If the ships were kept together, they 
would have to travel from one extremity of the coast to the other in 
pursuit of the enemy, which, being driven from one position, would 
re-appear in the most unexpected places. 
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It seems to be the present policy of England to rely upon her 
great fleet for the defense of her coast, rather than to localize the 
defense. England would, in case of war, attempt to blockade the 
ships of her enemy in his own ports, and in this manner prevent an 
attack upon her coast. This has the merit that it is an offensive 
defense. In order, however, that it may be successful, the navy 
that undertakes it must be greatly superior to her enemy. On the 
other hand, the manceuvres of the English squadrons last summer 
throw considerable doubt upon the efficiency of such a blockade. It 
will be remembered that vessels from the Irish squadrons had no 
difficulty in escaping from the blockading fleet. A part of the Irish 
squadrons having escaped, the English admirals became alarmed, 
for they realized that the coast of England was unprotected and that 
the escaped vessels might attack it with impunity. The blockades 
were consequently raised and the English squadrons departed in 
haste for the protection of London, that being the most important 
place needing their services. In this way they gave entire freedom 
to the Irish squadrons, and left the greater portion of the English 
coast at the mercy of the enemy. 

I think the British authorities must be convinced that evena much 
inferior squadron cannot be blockaded, and that, in consequence, if 
their coast requires naval defenses at any point, that naval force must 
be on the spot. No matter how great the naval power of a nation, 
itcannot give protection to two widely separated points unless it 
occupies both of them. The moral effect of a great navy is notalone 
sufficient to give protection after war has commenced. The celerity 
of movement now possessed by ships is greatly in favor of those elud- 
ing pursuit ; so that no matter what the disparity in the naval strength, 
the stronger can furnish complete protection against the weaker only 
by its presence at all points liable to attack. 

I find it difficult to understand the reasoning that guides: much 
of the naval opinion in England at the present time, where the 
defense of the coast is made to depend upon a complete mastery of 
thesea. Although England must possess the most powerful navy in 
the world if she is to retain her extensive and widely separated pos- 


sessions, yet it would appear to simplify the problem very much if 


every advantage were taken of the protection afforded by land 
defenses. There is a fallacy in the reasoning that coast defenses are 
not required until the fleet has been destroyed. 

Again, it must be remembered that in the scheme here proposed, 
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the defenses of the whole coast can be assembled to meet the com- 
bined fleet of the enemy when occasion demands it. The vessels 
possess excellent sea-qualities and ample endurance for operations 
along the whole coast. In addition, such a fleet would have the 
ability of acting together as no other fleet in the world, as now con- 
stituted, could do. It will be noticed that the types of armored 
vessels closely resemble each other in speed, armor, armament, 
turning power, and best point for fighting. They would, therefore, 
constitute a homogeneous fleet capable of acting in harmony, in 
accordance with rules, and would be more than a match for a more 
powerful fleet made up of various types of vessels, differing in these 
important qualities where some are constructed to fight bows on, 
others broadside on, and all varying in speed and turning power, 
While the vessels are distributed along the coast, they are at all times 
in a position to seek the protection of the forts when pressed bya 
superior force. 

No scheme of defense would be efficient without ample provision for 
supplying the vessels with men and coals, the two essentials for 
keeping the ships in fighting condition. To man this fleet of coast- 
defense vessels, including torpedo-boats, would require 13,400 men, 
Two-thirds of this number should be furnished by the naval militia 
in time of war, and as far as practicable the vessels of each section 
should be manned by men recruited from the section to which they 
are assigned. This would have the double advantage of having the 
vessels convenient for the annual drills to which the Naval Reserve 
shguld be subjected in peace times, and it would also secure to the 
service the local knowledge of the coast possessed by the naval 
militia, which would be of the first importance. The balance of the 
crew, in time of war, should be officers of the regular service and 
men well trained by long service. In time of peace so many of each 
type of vessel should be kept in commission as would serve 4s 
schools for the Naval Reserve, the officers and a portion of the men 
being taken from the regular service. It would be the duty of the 
latter to receive on board that portion of the Naval Reserve detailed 
to man that particular type of vessel in that particular section of the 
coast, and to complete the crew organization and drill them in their 
duties. It will be seen that with a little care and forethought sucha 
crew might arrive on board with their billets in hand and ready to g0 
directly to their stations. 

The action that has been taken, both by the Department and im 
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Congress, to enroll the naval militia and to organize a Naval Reserve, 
is of the utmost importance to the country. Without this, it would 
be impossible to man our ships in time of war. The plan recom- 
mended by the Navy Department and formulated in the Whitthorne 
Bill would furnish a large force that would become identified with 
the navy and look forward to service afloat in case of war. 

I venture to suggest some modifications in the plan proposed by 
the Department, which is to make the reserves all National Reserves, 
and to make the basis of each organization the ship instead of the 
battalion. The reason for placing the reserves directly under the 
national government is because the ships in which they must serve, 
and the weapons they must use, and the engines they must handle, 
must belong to the national government and remain under its con- 
trol. In this respect the present militia organizations of the several 
States differ essentially from what is required of a Naval Reserve. 
The land militia is, most properly, organized into companies, bat- 
talions, or regiments ; and when furnished with arms and other per- 
sonal equipments, the organization is complete and effective. On 
the other hand, the weapons and instruments that a Naval Reserve 
must use are complicated in the extreme; each weapon demands for 
its use the combined efforts of many men. It would be impracticable 
to train each man in the duties of all the others, so that there must 
result many classes of duty; as that of gunners, torpedo-men, 
engineers, firemen, helmsmen, and many other minor sets of duties 
that it might be necessary to treat as quite distinct duties in drilling 
a Naval Reserve, where the time available would necessarily be so 
limited. 

If the coast-defense vessels here recommended were provided, the 
naval reserve of each section could be organized into the necessary 
ship’s companies, and be assembled at the most convenient time for 
the annual drill. In this way it would seem that there must result 
all the advantages which belong to a home organization for home 
defense, while at the same time it would be under the direct manage- 
ment of the general government. It would be most desirable to 
provide for a drill on shore asa battalion at other times than the 
annual drill, in order to create an esprit du corps. The organization 
should then be the same as that of a ship’s company landed for the 
purpose of such a drill. The battalion might be officered entirely by 
members of the reserve for such drills, and they should be given the 
use of their uniforms and small-arms. In this way all the necessary 
exercise at small-arms would be obtained, and the ship’s company 
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would be brought together frequently during the year, and there 
would be developed a personal pride in the efficiency of each organi- 
zation. It is not necessary that seafaring men alone should enter 
the naval reserve; for any young intelligent man would be at no 
disadvantage in learning the duties of many important stations on 
board a modern ship. 

A large reserve is needed in order that a sufficient number may 
be at home ready for a call. Our navy-yards and naval stations 
would be admirable places of rendezvous for such organizations. They 
would there have, without expense either to themselves or the 
government, all the facilities that the crack regiments of the National 
Guard now have in their beautiful armories, and, in addition, they 
would be surrounded by all the appliances they would have to deal 
with on board ship. The large resources of our navy-yards for 
transporting the men to and from the yards would render the assem- 
bling of the men for exercise an easy matter. The Navy Department 
could detail one or more officers for each ship’s company, to give 
them instructions not only as a battalion, but also to prepare them 
for their duties on board ship. 

The character of the naval as compared with the military service 
demands that the Naval Reserve should have a closer touch with the 
active navy than is required between the army and the land militia, 
and I think the organization here proposed would secure that end, 
and might be inaugurated immediately upon the passage of such a 
bill as that introduced by Mr. Whitthorne. The fact that the initial 
steps would then devolve upon the Navy Department would ensure 
prompt action and the best results that could be obtained. This is 
intended as the merest outline, and must be taken in connection with 
what has been published by the Navy Department and the action 
already taken by some of the States to provide for a Naval Reserve. 

To provide proper coaling facilities for a coast-defense fleet would 
seem to be an easy matter, but it should not, therefore, be neglected. 
The long distances covered by a ship in a few hours show how 
important the element of time will be in everything connected with 
the fleet. The defense has an enormous advantage in this matter, 
and it should be taken advantage of to the utmost extent. Coaling 
stations should be established at short distances along the whole 
coast. The situation and appliances for coaling should be such that 
a vessel would not have to go far from the field of her operations, and 
that the coal could be put on board of as many vessels as would be 
likely to require coal at once, and in a very short space of time. 
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Since the supply of ammunition that a vessel can carry is small, 
it might be found advantageous to associate the coaling station and 
magazine ; for, in any case, both must be defended. It is not suf- 
ficient that coal is now to be had at our navy-yards. Several of these 
are too far from the naval line of defense, as at League Island and 
Norfolk yards. Coal should be provided at the mouth of the Dela- 
ware and at Fort Monroe. The defenses required would not be 
great, for the temptation to destroy them would not be great. If 
every facility for coaling is provided at such stations, the supply of 
coal need never be great, even in time of war, and none need be kept 
on hand in time of peace. 

It is almost needless to add, in this connection, that the docking 
facilities at our navy-yards should be greatly increased. We now 
have but three docks—one at the New York yard, one at Norfolk, 
and one at San Francisco—that are large enough to take in the 1st 
type of vessel recommended in this scheme. There are two other 
private docks in New York that are also large enough. 

It needs no argument to prove that every available means should 
be at the disposal of the Navy Department in providing a naval 
defense. Hence this outline would be incomplete if I failed to point 
out the service that might be rendered by the Revenue Marine, the 
Coast Survey, and the Life-saving Service, in assisting in such a 
defense. The personnel of each of these would constitute an invalu- 
able addition to the navy in time of war. Although the vessels 
belonging to the Revenue Marine and the Coast Survey are not suit- 
able for fighting ships, there is no good reason why they should not 
beso constructed. Ships built to carry passengers and freight are 
not suitable for carrying guns; and although steamship companies 
may be induced to modify the construction of their ships for this pur- 
pose, yet it would require a large subsidy to induce them to modify 
the design of their hulls and engines to suit the ships to war pur- 
poses. But when it becomes necessary for the government to build 
vessels for the purposes required in the Revenue Marine and Coast 
Survey, it would seem to be only reasonable that their engines should 
be protected and the ships fitted to carry a battery suited to their 
capacity. Nor would it detract from the efficient performance of 
their present duties if the crews were drilled in the use of these 
weapons. If.there were no other reasons why these branches of the 
government service should be placed under the Navy Department, 
it would be a sufficient reason that they would strengthen our naval 
defense in time of war. 
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APPENDIX. 


GENERAL DESCRIPTION OF TYPE VESSELS FOR THE DEFENSE 
OF THE COASTS OF THE UNITED STATES. 


The general types of vessels for the coast defense have been taken, 
with certain modifications, from the report of the Board on Fortifi- 
cations and other Defenses, 1885, to which the reader is referred for 
further particulars. 

FIRST TYPE. 

The first and most powerful vessel has been designed to satisfy the 
following conditions : 

Draught of water not to exceed 1g feet. 

To carry two 14-inch B. L. R. guns in the complete protection of 
a turret suitably armored, mounted high enough above water to be 
fought in moderately heavy weather. 

Two armor-piercing guns of lighter caliber, to be carried with 
suitable armor protection, and mounted so as to be served with the 
greatest rapidity; these guns also able to command the greatest 
possible train. 

A fairly powerful secondary battery, with suitable shield and bul- 
wark protection and well protected ammunition lead, to be also 
carried. 

A suitable installation of automobile torpedoes, expelled under 
water, to be provided, while as complete protection as possible 
against torpedo attack shall be provided in the hull. 

Buoyancy and stability shall be ensured against heavy gun-fire by 
a water-line belt of 16-inch armor, of length about 50 per cent of the 
length of vessel, between perpendiculars, terminating in athwartship 
bulkheads of suitable thickness, and protection to be continued to 
the ends of the vessel by under-water decks about 3 inches thick and 
suitably supported. Deck plating of 2} inches to be worked over the 
belt. Provision against swash to be made by wing coal-bunkers or 
otherwise over the armored decks. 

Protection for the turret-base and loading gear to be provided 
by an armored redoubt or turret-chamber, of about 15-inch armor, 
extending to suitable height. Armored erections to be supported 
and give support to one another, so that as little dependence as 
possible may be necessary on unarmored supports, and to be located 
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so as to interfere as little as possible with the train of the guns, and 
present the smallest possible target. 

The vessel to have a maximum speed in smooth water of not less 
than 15+ knots under trial conditions, with forced draft. 

The coal supply at load displacement to be sufficient for a some- 
what greater distance than 1500 knots, at a speed of 10 knots in fair 
weather, with bunker capacity for a greater supply. 

The vessel designed to meet these conditions has the following 
principal dimensions: Length over all, 330 feet 5 inches; length 
between perpendiculars, 310 feet; beam, extreme, 63 feet ; molded 
depth, 29 feet roinches ; draught, mean and extreme, Ig feet ; displace- 
ment, 6500 tons; freeboard, to top of main deck at side over belt, 
10 feet 4 inches; freeboard, to top of main deck, aft, 5 feet 9 inches ; 
armored freeboard, in wake of belt, 2 feet 10 inches; length of belt, 
160 feet; proportion of water-line area enclosed by belt, 67 per cent; 
maximum I. H. P. (forced draft), 6500; maximum speed, 15.6 knots. 


ARMAMENT. 


Two 75-ton 14-inch breech-loading rifles, in revolving turret, for- 
ward, having complete train around the bow, and go°® abaft port 
beam, and 67° abaft starboard beam. Thickness of armor on turret, 
16” +-13’".. Thickness of armor on forward half-circle of redoubt, 
15’ +14” ; on sides and after end, 14” +13”. Height of center of 
guns above L. W.L., 16’ 0”. Two 26-ton 10-inch B. L. R. in barbette 
aft, echeloned to starboard, with train around the stern from right 
ahead to 30° forward of port beam. Barbette armor 11” + 1” front 
and sides, 9’ + 1” rear, to extend from the armored deck to 3 feet 
above the main deck. Height of center of guns above L. W.L., 14 
feet 9 inches. Overhead screen, 2” thick. 

Secondary battery to consist of four 6-pounder R.F. guns, two 
I-pounder R.F. guns, one 37-mm. revolver in military top, four 
short Gatlings. 

Torpedo armament to consist of five underwater fixed torpedo 
tubes ; one in the stern, two at 45° forward, at fore-corners of belt, 
and two athwartships, abaft the belt. 


HULL ARMOR, 


Top of belt above water, 2 feet 10 inches; depth below water, 
4 feet 13 inches; thickness on sides, 16” + 2”; thickness on forward 
bulkhead, 15” + 19”; thickness on after bulkhead, 14” +17”; 
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thickness of armored deck over belt, 2?” ; thickness of armored deck 
forward of belt, 3”; thickness on armored deck abaft belt, 3 and 29”, 
All deck openings protected by glacis, cofferdams, and shell-proof 
gratings. 
Thickness of armored conning-tower, 14 inches. Thickness of 
armor on armored hatchway on rear of redoubt and supporting con- 
ning-tower, 12 inches and g inches. 


MOTIVE POWER. 


Boilers.—To be capable of making steam of 150 pounds gauge- 
pressure for 7500 I. H. P. under forced draft. The main boilers to be 
4 in number, 14 feet diameter, two of double-ended cylindrical type, 
17 feet long ; and two single-ended, 9 feet 9 inches long. One single 
and double-ended boiler to be in the same compartment on each side 
of the middle-line bulkhead. Single boilers next the engines; fire- 
rooms athwartships. The double-ended boilers to be served by one 
stack, the single-ended by another, the uptakes joining above the 
armored deck. Twenty-four 36-inch furnaces with an aggregate 
grate surface of 400 sq. feet; aggregate heating surface of 12,750 sq. 
feet. 

Engines.—To be three-cylinder, triple expansion, vertical engines, 
driving twin screws. Cylinders, 33t-inch, 484-inch, 73-inch diameter; 
stroke, 40 inches ; revolutions per minute, 95 at maximum trial speed 
of 15.6 knots. Engine driving each screw to be in separate compart- 
ment formed by middle-line bulkhead. 

Screws of manganese bronze, four-bladed, 15 feet 6 inches diameter, 
of uniform pitch of 19 feet 44 inches; developed area of blades of 
each screw, 60 square feet. 

Donkey Boiler.—A boiler of approved pattern suitable for using 
salt water, with about 20 square feet grate, to be carried on the 
armored deck, capable of making steam for ordinary ventilation, 
heating, lighting, hoisting, pumping and distilling purposes, and 
arranged to assist the main boilers in getting under way. 

Total Weight of Propelling Machinery, with water, stores, spare 
parts, and donkey engine as above, to be 650 tons. 

Speed and Coal Endurance.—With 6500 I. H. P., a speed of 15.6 
knots should be obtained under measured mile trial conditions at the 
load displacement of 6500 tons. With boiler-power provided, having 
in view the power provided for auxiliaries, especially in action, a speed 
of 15 knots should be continuously maintained in smooth water without 
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difficulty. At this speed the coal supply of 300 tons at load displace- 
ment would suffice for 60 hours’ steaming, covering a distance of 900 
knots. With 550 tons coal, which may be readily carried, the 
distance which could be steamed at 15 knots would be about 1500 
knots. With 1300 I. H. P. a speed of 10 knots will be obtained in 
smooth water, when 300 tons coal will suffice for 2500 knots, about 
ten days’ steaming. With 550 tons about 4800 knots would be 
covered at 10 knots. 


DISTRIBUTION OF DISPLACEMENT. 


The displacement is distributed among the various elements of 
efficiency as follows, and, for comparison, the corresponding figures 
are given for two representative foreign war-ships of about the same 
proportionate freeboard and capacity to fight their guns in heavy 
weather. The Dreadnought, however, not being intended for the 
coast defense, has more endurance : 


Dreadnought. Tempéte. 1st Type. 
Ship. Iron. Iron and Steel. Steel. 
Hull, 31 per cent. 40 per cent. 35 per cent. 
Protection, 36 - 39 % 384 “ 
Armament and - 6 ‘a 8 = 
Ammunition, 
Sy ae ) a ms pA 
13 9 IO 
Machinery, me ; 
Coal, “ 3 “ 44 a 
Equipment ¥ 3 “ ie 
quip , 4 3 34 
COST. 


The estimated cost of hull and machinery, exclusive of armament, 
its immediate fittings and ammunition, is $2,950,000. With arma- 
ment complete, ammunition, torpedoes and torpedo apparatus, and 
the vessel complete and ready for sea in all respects, the estimated 
cost is $3,575,000. 


SECOND TYPE. 


For use in Sections 1, 2 and 3, namely, from Eastport, Maine, to 
New York City, a design is proposed embodying the same general 
features as first type, except that the 14-inch guns are replaced by 
12-inch, and all limitation removed from the draught of water. 
Such a ship would weigh about 5700 tons and cost, ready for sea in 
all respects, about $3,000,000. 
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THIRD TYPE. 


This vessel has been designed to satisfy the following conditions: 
The vessel to be specially adapted to harbor defense and compara- 
tively smooth water work, to which end her freeboard may be small, 
and the heaviest fire and protection should be forward. Manceuvring 
power well developed and the bow adapted to ramming. A fairly 
powerful installation of automobile torpedoes, expelled under water, 
from positions favorable to attack, to be provided, while as much pro- 
tection from similar attack is given as is possible in the hull. As pow- 
erful a secondary battery to be fitted as may be fought under reasonable 
cover, with special regard to protected ammunition supply. The heavy 
battery to be so mounted as to obtain the greatest range and accuracy 
of fire possible, and the forward guns to be fully protected by a turret. 
The vessel to have sufficient power for a maximum speed in smooth 
water of not less than thirteen knots. Though it is not considered 
that with her low freeboard this speed could be obtained even in com- 
paratively smooth water, the necessary power is demanded for handi- 
ness. Also it is considered that vessels with greater deep-water speed 
will not utilize it fully under the conditions of warfare over the shoals 
and bars in contracted harbors and their approaches. Her draught 
should be the least consistent with housing screws of size suitable for 
the necessary motive-power. The vertical armor to be confined to 
such dimensions as will permit a sufficiency of buoyancy and stability 
to be retained after the maximum amount of injury possible in the 
unarmored portions has been inflicted, and its thickness to be the 
maximum possible. Outside the belt, the buoyancy to be protected 
by thick deck-plating, presenting a small inclination to the horizontal 
in the neighborhood of the water-line, and the water-line to be further 
supported by a belt of cork or cellulose or other water-excluding 
material, especially forward. The same considerations as regards 
armored erections obtain as in First Type. The coal suppiy at 
load displacement tc be sufficient for a distance of 1000 miles at ten 
knots in fair weather, with bunker capacity for a greater supply. 

The vessel designed to meet these conditions has the following prin- 
cipal dimensions: Length between perpendiculars, 260’ ; beam, ex- 
treme, 57’ 6” ; mean draught, 14’ 6” ; molded depth, 18’ 3” ; displace- 
ment in tons, 4018; freeboard at side to top of deck-plating, 3’ ; free- 
board at side to top of wood flat, 3’ 3’; length of belt on side, 131’ 7"; 
length of belt from end to end of bulkheads, 155’ 2”; proportion of 
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W. L. area enclosed by belt, 70 per cent; percentage of armored 
reserve buoyancy, 163 per cent; max. I. H. P. (forced draft), 3500 ; 
maximum speed, 13 knots. 


ARMAMENT. 


Two 44-ton 12-inch B. L. R.in revolving turret forward, echeloned 
to port, having complete train around the bow to 85° abaft the port 
beam and 65° abaft starboard beam. Thickness of turret armor, 
port plates 16” -+- 14”, rear plates 14” 4+ 14”. Height of center of 
guns above L. W. L., 7’ 6”. 

Two 26-ton 10-inch B. L. R. in barbette aft, echeloned to starboard, 
with complete train around the stern to 90° forward of starboard 
beam and 67° forward of port beam. Barbette armor 113” + 1”. 
Overhead screen, 2’. Height of center of guns above L. W. L., 12’. 

Secondary battery to consist of two 6-pounder R. F. guns, two 
1-pounder R. F. guns, one 37-mm. revolver in military top, and 
three short Gatlings. 

Torpedo armament to consist of three underwater fixed torpedo 
tubes, one in the stem and two at 45° forward of beam under the 
armor deck forward. ; 

HULL ARMOR. 

Top of belt above water, 3’ 0”; depth below water, 4’; thickness 
on sides, 124’’-++- 14”; thickness on forward bulkhead, 13'’-+ 14”; 
thickness on after bulkhead, 10” +- 1”; thickness on armor deck over 
belt, 24”; thickness on armor deck forward of belt, 3’; thickness on 
armor deck abaft of belt, 23”; thickness of armored conning-tower, 
12”; thickness of armored ventilating shaft, 6’ and 9”; thickness of 
armored stack, 4’’. 

All openings to be provided with glacis plates and, except to 
armored erections, with shell-proof gratings and cofferdams. 


MOTIVE POWER, 


Boilers.—To make steam of 150 lbs. gauge-pressure for 3500 I. H. 
P. under forced draft. The main boilers to be three in number, 
of the low cylindrical type, 11’ in diameter and 19’ long; to be in one 
compartment and, together with the donkey boiler, to be served by 
a single armored stack. Nine 42” furnaces, with an aggregate grate 
surface of 200 square feet. Aggregate heating surface, 7000 square feet. 

Donkey Boiler.—A boiler of approved pattern, suitable for using 
salt water, with about 25 square feet of grate, to be provided, capable 
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of making steam for ordinary ventilation, heating, lighting, hoisting, 
pumping, and distilling purposes, and arranged to assist the main 
boilers in getting under way. 

Engines.—To be 3-cylinder, triple expansion, horizontal engines, 
driving twin screws. Cylinders 25”, 37”, and 55’’ by 36” stroke. 
Revolutions per minute at maximum trial speed of 14 knots = roy, 
Engine driving each screw to be in separate compartment. 

Screws.—To be of manganese bronze, 4-bladed, 13’ diameter, of 
uniform pitch of 16’ 3; developed area of blades of each screw, 42 
square feet. 

Total Weight of Propelling Machinery.—With water, stores, spare 
parts, and donkey-boiler, as above, to be 400 tons. 

Speed and Coal Endurance.—With 3500 I. H. P. a speed of 14 
knots should be obtained under measur mile trial conditions, in 
perfectly smooth water, at the load displacement of 4018 tons. With 
1300 I. H. P. a speed of 10 knots should be maintained at sea in fair 
weather, when 160 tons of coal will suffice for 1300 knots. With 300 
tons of coal, about 2200 knots could be covered at 10 knots. 


COST. 
The estimated cost of hull and machinery is $1,750,000. With 


armament complete and the vessel ready for sea in all respects, the 
estimated cost is $2,200,000. 
GUNBOAT. 

This vessel has been designed to satisfy the following conditions: 
To be of such dimensions as to make good use of the inland-coast 
navigation system and work in shallow rivers and bays, to which end 
the draught may not exceed 7 feet when deep loaded. To be 
very handy and especially designed for bow attack. To carry one 
medium-power 1o-inch B. L. R. gun, mounted forward on the line of 
keel, on a port-pivoted slide carried by two bulkheads thoroughly 
worked into the hull of the vessel; also four 57-mm., R. F. guns, 
mounted at points of vantage and with direct ahead fire, and one 
37-mm. revolver in a military top. 

The water-line in wake of boilers, engines, and magagines to be 
partially protected from machine-gun fire by a thick strake above 
the water-tight deck, the thick strake terminating forward in a thick 
bulkhead enclosing the gun-pit. Besides which, the coal is to be so 
distributed as to obtain the maximum protection from it both above 
and below the water-line. 
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The gun and gunners to be protected from ahead by a thick curved 
shield about 2 inches thick. The side-plating above the coal bunkers 
to be thickened in wake of the R. F. gun-ports. 

A water-tight steel deck to be worked below the water-line, with 
sloping sides outboard from the stem to the forward engine-room 
bulkheads, beyond which the side-slopes will be continued to the 
after engine-room bulkhead. 

To have twin-screws, large rudder area, and steering gear protected 
as far as possible. 

To have a maximum smooth-water speed of not less than 10 knots, 
under standard conditions of measured mile trial with forced draft. 

To carry coal enough at load displacement for 1000 miles, steaming 
at 8 knots, with bunker capacity for a larger supply. 


PRINCIPAL DIMENSIONS. 


The vessel designed to meet these conditions has the following 
principal dimensions: Length over all, 109 feet 3 inches; length 
between perpendiculars, 105 feet; beam, extreme, 27 feet 6 inches; 
draught, mean and extreme, 6 feet 6 inches; displacement in tons, 
300; maximum I. H.P., 350; maximum speed in knots, ro. 


ARMAMENT. 


One medium-power 10-inch* B. L. R., to be mounted forward in 
the line of keel, carried on bulkheads thoroughly worked into the 
vessel’s hull. To have a maximum elevation of 10° and depression 
of 2°, a gun-pit being recessed to the level of the water-tight deck to 
contain the slide, elevating press, etc.; the gun to be elevated and 
served by hydraulic pressure. Four 6-pounder R. F. guns are 
mounted two on each side in such a manner that all may be fired in 
a line with the keel forward, and the two after guns aft. One 37- 
mm. revolver to be carried in military top. 


HULL PROTECTION. 


A thin submerged water-tight deck to extend from the bow aft to 
the forward engine-room, and in the wings in wake of the engine- 
rooms. Longitudinal wing bulkheads to include a water-tight wing 


*This gun to be 302 inches long and weigh about 23 tons. The charge of 
brown powder to be 175 pounds, and weight of projectile 430 pounds. Esti- 
mated muzzle velocity, 1875 f. s., with corresponding penetration at muzzle of 
18% inches of wrought iron. 
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space for the stowage of coal, subdivided by the water-tight deck 
and transverse bulkheads. The coal stowage is continued above the 
main deck in trunks running from the after quick-firing gun to the 
10-inch gun-shield, in wake of which the boxes are stowed with the 
bower chains. The fighting steering-gear is in a pit on the water. 
tight deck, amidships, wheel and helmsman being thus afforded some 
coal protection from machine-gun fire. 


MOTIVE POWER. 


To develop 350 I. H. P. under forced draft. 

Boilers.—Two in number, of locomotive type, placed one on each 
side of the vessel in separate compartments, each served by its own 
stack, and a fan to be placed in each fire-room, worked by a shaft 
led through a casing from the fan-engines in the forward engine- 
room. Each boiler to be 3 feet 3 inches diameter of barrel, 9 feet 
long over the smoke-box. Grate surface of both, 18.4 square feet, 
to supply steam of 130 pounds. A feed tank, containing about 35 
gallons of fresh water, to be fitted in each engine-room. 

Engines.—Of two-cylinder, horizontal, direct-acting type, driving 
twin screws, each engine in a separate compartment. The diameter 
of the cylinders to be 11 and 18% inches; stroke, 14 inches. Air and 
circulating pumps of each engine to be worked by an independent 
steam cylinder, and fitted to remove water from the vessel. A barrel 
condenser, with copper shell and tube plates about 18 inches in 
diameter and 5 feet long, to be fitted to each engine. 

Screws.—To be three-bladed, of steel, with forged boss and plate 
blades keyed to boss. Diameter, 5’ 6’; mean pitch, 6’ 6”. Revolu- 
tions at maximum power, 195. 

Weight of Machinery.—Total weight of propelling machinery as 
above not to exceed 26 tons. 


SPEED AND COAL ENDURANCE. 


With 350 I. H. P. a speed of 10 knots should be obtained in 
smooth water, at load displacement of 300 tons. At this speed 30 
tons of coal should suffice for 48 hours’ steaming, covering a distance 
of 480 miles. With 70 tons, the distance covered would be about 
1000 knots. 

With 150 I. H. P., which should be obtained without forced com- 
bustion, a speed of 8 knots should be obtained in smooth watet. 
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At this speed, 30 tons of coal would suffice for 150 hours’ steaming, 


covering a distance of 1200 knots. 
With 70 tons, the distance covered at 8 knots would be about 2600 


knots. 
COST. 


The estimated cost of hull and machinery is $110,000. 
With armament complete and the ship ready in all respects, the 
cost should not exceed $200,000. 


FIFTH TYPE. (RAM.) 


A vessel has been designed to fulfill the following conditions : 

To attack an enemy’s buoyancy and stability in unarmored parts, 
primarily by the ram, and also by torpedo and rapid-firing gun. 

To combine, on a draught of water not exceeding 18 feet, and a 
displacement of about 3000 tons, a maximum speed of not less than 
20 knots, great handiness and sufficient endurance for coast defense, 
with a special bow adapted to use as a spur, bow torpedo-tubes, a 
small but fairly protected battery of rapid-firing guns, and as much 
protection as can be afforded with the weight remaining. 

Machinery, and especially boilers, of novel type will be avoided, as 
certainty of action of the motive power is imperative. 


PRINCIPAL DIMENSIONS. 


The vessel designed to meet these conditions has the following 
principal dimensions :—Length between perpendiculars,* 296’; length 
over all, 314’; beam, extreme, 40’ 8”; draught, mean and extreme, 18’; 
depth from under side of keel to line of top of main deck beams 
continued across the superstructure, 23’ 9” ; depth to top of beams 
of superstructure, 27’; freeboard forward and aft, 12’; freeboard 
amidships at side, 5’; freeboard amidships to superstructure deck, 
8’; freeboard amidships to top of berthing, 12’; load displacement 
in tons, 3010; maximum I. H. P. 10,000; maximum speed in knots, 
204. 

HULL AND PROTECTION. 

The hull to be constructed of mild steel of the same quality as for 
the other vessels, as described in the Report of the Board on Fortifi- 
cations, p. 326. The deadwood is well cut away aft, and as much 
forward as the form of the bow will permit. The form of the midship- 


* After perpendicular through axis of rudder. 
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section is such that the greatest beam is about 15” above the L. W. L,, 
whence the side tumbles home with a sharp round to the main deck, 
which extends the whole length of the ship 5’ above the L. W, L. 
For a length of about 80 feet forward and aft a forecastle and poop of 
light construction shall extend with a freeboard of 12 feet, and between 
them a central trunk or superstructure about 12 feet wide—exceptin 
wake of engine-hatches, where it will be 26 feet wide—standing 3 feet 
above the main deck. A hammock-berthing 4 feet high above the 
superstructure deck continues the line of poop and forecastle. A 
light plate bulwark 30” high shall be worked on the forecastle from 
about 20 feet abaft the stem. A double bottom, 40” deep at the 
middle line, to be worked under the boilers, taking the form of a 
water-tight platform under the engines and magazines. Frames to 
be spaced about 36 inches apart with lightened plate floors. Except 
in double bottom, to consist of 7-inch Z bars. Longitudinal wing 
bulkheads to extend throughout the boiler and engine spaces. 

An armor deck shall extend from over the steering gear aft to the 
armored bulkhead 60 feet abaft the stem, and from 15 inches above 
the L. W. L. amidships to 4’ 6” below at the sides at mid-length, 
rising to 4’ aft, and to about 3’ 6” at the armored side forward, 
whence it dips gradually to the spur. The beams to this deck to be 
g-inch channel-bars plated over on top with plating of 15 pounds on 
the flat and 20 pounds on the slopes, and beneath, between the 
wing bulkheads, with a splinter-jacket of 10 pounds tapped to the 
flanges. The protective plating to be worked above the upper plating 
in a single thickness of 14” on the middle portion, and 34” on each 
of the two slopes of different inclinations forming each side. The 
inclination of the outcr slope to the horizontal is 30° and of the inner 
18°, while the middle portion is built to a round-up necessary to 
bring it 15” above the L. W. L. at the middle line. The heavy 
plating to be without curvature. 

Fore and aft carlings to be worked in wake of each knuckle of the 
deck and along the lines of hatches, in short pieces between the 
beams, to which they are connected with corner clips and lozenge- 
straps at the lower flanges. These carlings to be omitted outboard 
in wake of the longitudinal wing bulkheads, which will be made to 
support the first knuckle. 

The beams to be joined to the frames with deep plate gussets, and 
the strake of bottom plating next below the deck shall be heavier 
than elsewhere. 
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Glacis plates 2 inches thick, at 30° inclination to the horizontal, to 
be worked to all the main hatches in the armor deck ; to be also 
fitted with shell-proof gratings. 

Coal to be stowed over the armor deck from the side to the trunk 
superstructure over the length occupied by the boilers, patent fuel 
being desirable for the wing bunkers. In the wings above this deck 
over the engines to around the stern, special water-excluding mate- 
rial will be used. 

For a length of 60 feet abaft the stem, protection will be afforded 
by side armor of 4 inches with 3-inch backing on }4-inch plating 
stiffened by the common Z-frame, the armor extending from 5 feet 
above the L. W. L. to the line of armor deck, which will be con- 
structed in this part with ordinary round-up and of 1-inch plating. 
A similar deck 1 inch thick to be worked on the line of the main deck 
above the armor. The lower plates of the side next the spur to be 
14” thick and without backing. 

The armor deck to join the side armor at an armored bulkhead 
6” thick with 3” backing on #” plating below the line of armor deck, 
and a 3” bulkhead above it to the 1” plating of the main deck. 

The stem to bea single steel casting from the main deck to its 
heel below the spur. The point of the spur to be a square of 6” side 
with diagonal vertical, with a tempered steel cap secured to the cast- 
ing. The side corners of the square to run into a side ram consist- 
ing of the lower piece of armor deck, tapering in thickness from 3” at 
the stem back to the ordinary thickness of 1 inch. The bottom 
plating below the side ram to be 1” to }” thick for 12 feet abaft the 
point of the spur. The framing and bottom plating of the bow for a 
length of about 25 feet to be of extra heavy construction. 

A conning tower to be carried on the forecastle, built with semi- 
circular front of 6 feet diameter, with 4-feet straight sides, 8” thick, 
and a rear plate of 3’, crown and base plate 1” thick. To be entered 
in rear by a tube 30” inside diameter and 23” thick, forming the 
lower part of the forward military mast. Weight complete about 20 
tons. 

PROPELLING MACHINERY. 

To develop 6000 I. H. P. with open fire-rooms, and not less than 
10,000 I. H. P. under forced draft, when burning good coal under 
standard conditions of smooth-water trial. 

Boilers.—The main boilers to be four in number, of double-ended 
cylindrical pattern, making steam of 160 pounds. Diameter, 14’ ; 
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length, 19’ 2”. Grate surface of 24 furnaces, 530 sq. ft. Heating 
surface about 17,000 sq.ft. Weight of four boilers complete with 
water, all mountings, uptakes, stacks, and fire-room appliances, 462 
tons. 

The boilers to be in two compartments with four athwartships 
fire-rooms. Athwartships bunkers to extend across the ship at each 
fire-room to the wing bulkheads. The end bunkers to be four feet 
thick, and the one between the boiler compartments 6 feet. Each 
pair of boilers to be served by a stack standing at least 50 feet above 
the upper grates. 

The boilers to be specially strapped and chocked for ramming. 
Fan-power to be supplied capable of maintaining an air pressure of 
2 inches of water in the fire-rooms. 

A donkey boiler with 15 sq. ft. of grate, and weighing, complete 
with water and all mountings and appliances, about 13 tons, to be 
located in the trunk superstructure above the armor deck. 

Engines.—Four sets of vertical triple-expansion engines, two sets 
driving each screw, to be in four separate compartments, the forward 
sets arranged to disconnect in ordinary cruising. The engines tobe 
specially braced for ramming. 

Each engine to have three cylinders 25%’, 37”, and 56” diameter, 
with a stroke of 32”. The valve gears to be arranged so thata 
mean effective pressure of 40 pounds per sq. in., reduced to the area 
of low-pressure piston, may be obtained with a boiler pressure of 160 
pounds, developing 2500 I. H. P. at 1574 revolutions per minute at 
a maximum speed of ship slightly exceeding 20} knots. 

The weight of engines, condensers, and pumps, with water, shaft- 
ing, and screws complete, will not exceed 360 tons. 

Screws.— To be of steel or suitable composition, four-bladed, 
12’ 6” diameter, with uniform pitch of 15’ 74”, and developed area 
of blades of each screw of 353 sq. ft. Equivalent screws of other 
pattern may be substituted, having due regard to efficiency in 
backing. 

The total weight of propelling machinery, with donkey boiler and 
stores in limited quantity, will not exceed 850 tons. 


ARMAMENT. 


The battery will consist of : 
1. Seven 36-pounder rapid-firing guns with 1100 rounds, four 
mounted on the forecastle and three on the poop. 
2. Four 3-pounder rapid-firing guns with 1200 rounds, mounted 
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one in the bow and one in the stern above the main deck, and two 
on the trunk superstructure. 

3. Three Maxim 10 mm. guns with 7500 rounds, mounted two on 
the forward and one on the after military masts. 

The guns to be fitted with heavy shields of considerable area. 

Torpedoes.—T wo fixed torpedo tubes to be fitted side by side in a 
fore and aft line in the bow through the 4-inch armor below the 
main deck. The tubes to be placed well back, so that the openings 
in the armor may be closed with shutters having little projection. 
Six torpedoes to be carried with all necessary machinery. 

Note.—These protected bow torpedo tubes are fitted in the belief 
that in a vessel having the speed, handiness, and protection of a 
ram, it will often be desirable to use the torpedo, when it can be 
done with reasonable certainty, instead of the ram when the speed 
and direction of the exposed enemy may render ramming dangerous, 
however strong the bow of the ram within the practical possibilities 
of such a finely formed ship. 

The total weight of armament as above, with all accessories and 
equipment, will not exceed 85 tons. 


SPEED AND COAL ENDURANCE. 


With 10,000 I. H. P., a speed slightly exceeding 20¢ knots should 
be obtained under smooth-water trial conditions at the load dis- 
placement of 3010 tons. At this speed 170tons of coal will carry the 
ship about 250 knots. 

Steaming with two boilers and open fire-rooms, 2700 I. H. P. 
should be maintained continuously, with a corresponding speed of 
15¢ knots, when 170 tons of coal will carry the ship about 850 knots. 

A speed of 10 knots can be attained in smooth water with 615 
I. H. P., when 170 tons of coal will carry the ship about 2500 knots. 

While 170 tons is the normal coal supply sufficient for the ordi- 
nary work of the vessel, it is intended to carry 300 tons on leaving 
port ordinarily. The total bunker capacity of the ship is about §50 
tons, and this amount may be taken on without risk in undertaking 
an extended voyage, with a corresponding steaming distance of 
about 7500 knots at 10 knots. 


MANCEUVRING POWER. 


The vessel to have a partially balanced sternway rudder of about 
150 sq. ft. area, worked by power capable of moving it from hard 
over to hard over at full speed in at least 15 seconds. 
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At a speed of 19 to 20 knots, a complete circle should be turned 


in 2? minutes, with a tactical diameter of about 1000 feet. 


SUMMARY OF WEIGHTS. 





Tons. Displacnt 

Hull proper, with all fittings and auxiliaries. 1,170 39.0 
Armament ; : : : . : ° 85 2.75 
Machinery ° : : , : , , 850 28.20 

Protection, including conning tower and water- 
excluding material . ‘ . : : 595 19.75 
Equipment, boats, stores, people, etc. . , 140 4.65 
Normal coal supply : . ° . . 170 5-65 
Total load displacement , : , 3,010 100.00 

COST. 


The estimated cost of hull and machinery is $1,250,000, and of the 


vessel complete and ready for sea $1,375,000. 
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COLLISIONS AT SEA. 


(Les ABORDAGES EN MER.)* 


BUREAU OF NAVIGATION, NAvyY DEPARTMENT, 
WASHINGTON, D. C. 


In view of the interest felt by maritime nations on the subject of 
collisions at sea, and the means proposed for the prevention of these 
disasters, the President of the United States has issued invitations for 
an International Congress, to be held at Washington during the 
coming autumn, which will consider the subject of the revision of the 
existing regulations. 

By direction of the Bordeaux Geographical Society, and also at 
the request of the Geographical Society of Lisbon, Lieutenant M. A. 
Hautreux, of the French Navy, assisted by Captain Lannéluc, a 
seaman of long experience in the merchant service, drew up a series 
of proposed changes, for consideration by the Congress, in which they 
have endeavored to simplify the present rules. 

By permission of M. Hautreux, I have translated the pamphlet 
containing the result of their labors, and hope that it will prove of 


service. 
Cuas. M. MCCARTENEY, Lieutenant, U.S. N., 


Division of Sailing Directions. 
HyDRoGRAPHIC Orrice, WASHINGTON, D. C., 
February 28, 1889. 


A Congress is to meet at Washington on October 1, 1888, in order 
to study the different questions having regard to the safety of vessels 
atsea. This Congress will have an international character, and will 
formulate rules that should be adopted by all maritime nations. 


*By M. A. Hautreux, Lieutenant de vaisseau en retraite, Membre de la 
Société de Géographie Commerciale de Bordeaux. Translated by Chas. M. 
McCarteney, Lieutenant, U. S.N. 
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The subject of collisions at sea is one of the principal questions 
to be considered by this Congress. The Geographical Society of 
Bordeaux having been invited by Commandant Riondel to take 
hold of this question, had already anticipated the application of the 
Commandant, with a view to revising the regulations concerning the 
rules established to avoid collisions. 

The Geographical Society of Lisbon addressed a note to us pro- 
posing a study of these diverse questions. The Bordeaux Society 
concluded that, in the presence of the movement which has been 
brought about with a view to the revision of these regulations, it would 
cause a study to be made of these questions, and transmit the result 
of these studies to the Congress at Washington. Captain Lannéluc, 
commanding a vessel in the foreign trade, and Lieutenant Hautreux, 
of the French Navy, were charged with this duty, and we herewith 
present the result of their labors. 


COLLISIONS AT SEA. 


The international regulations, designed to prevent collisions at sea, 
were codified in 1862. Since that time important modifications have 
been made in the dimensions and the speed of vessels, as also in their 
modes of lighting ; and studies have been pursued in order to augment 
the power and compass of sound signals. 

During the twenty-five years since these rules have applied, numer- 
ous disasters have demonstrated that the sailing vessel was a danger 
as considerable to the steamer as this latter was to another vessel of 
its own class. The lighting of the former is absolutely insufficient, 
and its sound apparatus (fog horn) during a fog has a compass 
decidedly too feeble. 

With the actual speed of steamers, the colored (side) lights, 
designed to show the course of the vessel, have not sufficient power 
to give the desired security; the green light does not show far 
enough, and the red, in a mist or fog, does not differ enough froma 
white light. 

The regulations themselves have a vicious feature in subordinating 
the manceuvring of the steamer to that of the sailing vessel, and 
furthermore in the calculation as to the tack or sailing point of the 
latter * (Arts. 14 and 17). One can find fault with their complica- 
tion when it is known that they must be applied not only by 
captains, but by seamen acting as officers, many of whom offer asa 


* See Note B. 
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guarantee experience totally inadequate. The number of these 

articles is not less than ten. Article 14 contains five paragraphs. 

It appears that these regulations could be modified so as to inter- 

pose new elements of security, and we propose the following : } 
4 


GENERAL REGULATIONS, 

Article 1.—Every vessel, whether steamer or sailing vessel, shall | 
carry, from sunset to sunrise, a white light at the foremast head, and i" 
two side lights, green to starboard and red to port. 

The lights of steamers shall be e/ectric lights. Steamers whose 
speed exceeds twelve knots must have their electric lights scinéz//a- 
ting. Steamers whose speed does not exceed twelve knots must have 
their electric lights Axed. Sailing vessels must have their white 
light placed at the fore-topmast cross-trees. Fishing vessels not if 
required to carry permanent lights shall be obliged to show a lantern 
or a torch, with frequent occultations. 

Article 2.—Steamers under way to carry forward a second electric 
light, placed so as to make an angle of 45° from the vertical with the 
masthead light, which will be lighted only in case of meeting another 
vessel. 

Article 3.—During a fog, the sound (fog) signals that will be 
made use of shall be operated by compressed air, and placed at the 
masthead with parabolic, turning reflectors. 

In order to distinguish them from the fog signals established on 
shore, the signals on board ship must be made on the roll. 

Steamers to make use of the most powerful horns. 

Sailing vessels to make use of shrill whistles. 

Fishing vessels to use a small hand trumpet (cornet 4 bouquin). 


RULES OF THE ROAD. 


Article 1.—Every vessel that perceives another must take a 
bearing immediately ; if the bearing does not change, there is risk of 
collision. 





Article 2.—Whenever a vessel bears less than two points from 
another's course on either bow, and there is danger of collision, she 
changes to starboard (ports her helm) until the danger has been 
cleared. 

Article 3.—Whenever a vessel bears more than two points on the 
bow, and there is danger of collision, that one of the two which has the 
other to starboard is responsible, and shall yield the right of way, 
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moderate her speed, and stop or alter her course until she has 
changed the bearing sufficiently to clear her. 

Article 4.—Whenever a vessel perceives another, and it is neces- 
sary to manceuvre to avoid her, she must operate her sound signals 
and fire a rocket to indicate her intention (to manceuvre). 

Article 5.—A vessel that has been stopped, or is unable from 
any cause to manceuvre, will indicate the fact by frequent occulta- 
tions of her masthead light. 

Article 6.—During a fog, vessels must operate their sound signals 
(fog signals) every five minutes at least, and oftener when in fre- 
quented localities. 

If a vessel hears another’s signal, moderation of her speed and 
even stopping is od/igafory until the signal has been recognized 
and located. 

SPECIAL REGULATIONS. 


Article 1.—F¥or the navigation of steamers that proceed along- 
shore from headland to headland, those vessels having the land on 
the starboard hand will keep it at a distance of not more than 5 miles. 
Vessels having the land on the port hand will keep off at a distance 
of not less than 10 miles. 

Article 2.—In narrow channels, in entering ports, roadsteads, or 
rivers, vessels should always keep to the right of the channel. 

Article 3.—Vessels at anchor in frequented places will carry for- 
ward two white lanterns placed close together, and one underneath 
the other. 

Article 4.—On all vessels carrying passengers, the officers keeping 
watch must be licensed for long voyages or for coasting vessels. 

Article 5.—On every vessel making either long voyages or coast- 
ing trips, the watch officers must possess certificates of fitness. 

Article 6.—Suits for damages resulting from collisions between 
natives and foreigners will be adjudged by a tribunal composed of a 
local magistrate, assisted by two consuls of standing, whose nation- 
alities, as far as possible, shall be other than those of the litigants. 

The regulations proposed depend upon the following considera- 
tions: 

GENERAL REGULATIONS. 

Article 1,—It is evident that the farther away a vessel is seen, the 
less chance there will be of collision. It is, therefore, necessary that 
the vessel be provided with the most powerful lights, having the 
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greatest range attainable with the resources and internal arrange- 
ments of each ship. 

The electric light, having a power of illumination much greater 
than that of oil lamps, should be preferred above all wherever it can 
be installed; and this can easily be done on all vessels having 
engines. It can be decided, therefore, that for the masthead and 
side lights of steamers this will be obligatory. 

Passenger steamers generally have a greater speed than simple 
cargo boats. It would be well, then, to distinguish between their 
lights by a mechanical arrangement of simple and easy execution. 

In the case of sailing vessels, they can be lighted only by oil 
lamps. In order that the light should have a great range (visibility), 
it should be placed as high as possible, and in order that it should 
have the greatest power it should be whz#e. It is necessary, there- 
fore, that the light used to signal the vessel should be w&i¢e and 
placed on the mast. 

The present regulations do not permit the sailing vessel to signal 
herself from a distance by this means ; it seems that the main object 
was to distinguish between the steamer and the sailing vessel. It is 
certainly important to recognize the nature of the obstacle, that we 
may meet it; but it is, above all, important to perceive it as far 
off as possible; and, as steamers can be readily distinguished from 
sailing vessels by their electric lights, it seems possible to increase 
the visibility of the sailing vessel by requiring it to carry a white light 
at its foremast head. In order to avoid the chance that this light 
may be obscured by the head sails, it should be placed under the top- 
mast cross-trees; it would not interfere with the bracing of the top- 
sail, and could not be concealed by the foot of the topgallant sail. 

In order to distinguish fishing vessels, and all other vessels that 
cannot easily get out of the way, from those possessing complete 
control over their movements, it would seem that the method. of 
occultations (flashes), very easily made on all vessels, will readily 
give a precise indication of the situation. 

Article 2.—The course on which the vessel sighted is following is 
a very important element to estimate ; the red and green side lights, 
actually in use, would suffice for this purpose if one could recognize 
them at a sufficient distance ; unfortunately, the coloration is an 
obstacle to long range; further, on sailing vessels these lights are 
often not placed high enough, and it frequently happens that they 
are obscured by the spray of the sea. The green and the red are, 
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maybe, not the best colors to use in order to have sufficient range, 
For steamers, thanks to the facilities offered by electricity, we would 
be able to return again to the idea of M. Prompt, Lieutenant de vais- 
seau, Commandant aux Messageries Maritimes. This officer pro- 
posed to place a second white light forward* of the masthead light, 
forming with this light an angle of 45° with the vertical. This light 
would be illuminated only in case of encountering another vessel; it 
would be visible only forward of the beam. We see at once that the 
angular position of the two lights with the vertical would constitutea 
very valuable indication of the course, and be visible a very long 
distance, since this second light would also be a white, electric light. 

The angle of the two lights would be maximum, that is to say, 45°, 
whenever one were directly on the beam of the vessel carrying them. 
It would be nothing (0°), the one light above the other, whenever 
the vessel carrying them was exactly end on to us. The second light 
to the /e/¢ of the first would indicate that we see the for? side of the 
vessel; the same light to the r7g// of the masthead light would indicate 
that we see the starboard side of the vessel perceived. With some 
experience, the approximate angle of the course of the two vessels 
could be estimated quickly. Such a light, reserved to steamers, and 
actuated by electricity, could be placed on one of the fore-stays above 
the head of the jibs. 

Article 3.—In time of fog, the sound signals will be operated by 
compressed air. 

It is no more difficult to use compressed air on a steamer than to 
use steam ; the use of the latter is subject to great inconvenience by 
reason of the condensation in the leading pipes, obstructions or 
choking of the pulley, and the feebleness of the sound at the begin- 
ning. 

With respect to the sailing vessel, the actual operation of the 
trumpet, produced by means of the human breath, is of little impor- 
tance and has no great range or capacity. It is not difficult to com- 
press the air by a hand pump within reach of the lookout on the 
bow, and then to use the steamer’s whistle on board of the sailing 
vessel, while the steamers make use of powerful horns. 

The hand-trumpet should remain in reserve for fishing vessels. In 
order to distinguish during a mist or a fog, the vesse/’s signals from 
those made on shore, the former should be made always on the roll. 

The experiments that have been made on the propagation of 


*See Note C., 
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sound during a fog have shown that the greatest advantage for the 
capacity of the instrument (sound emitter) is gained by placing it as 
high upas possible, and that the sound should be projected in the direc- 
tion determined upon by means of reflectors. These reflectors should 
have a mechanism of rotation, and project the sound successively in 
all directions about the vessel. 

The variations of intensity of the sound would aid powerfully in 
recognizing the true direction, and, perhaps, also the distance of the 
signal heard. 

RULES OF THE ROAD. 


Article 1.—The obligation to take a bearing of every vessel as soon 
as she is sighted, and to enter the bearing in the log, would be an 
important element of consideration in case of encountering. 

Article 2.—Without entering into a long discussion of the possi- 
bilities that lead to a collision, there are some intersecting courses 
that are more dangerous than others. The bearing, which is the 
means of knowing if there is danger of collision, requires several suc- 
cessive observations, and a certain interval between each observation ; 
this method is the better, the greater the distance between the 
vessels and the greater the angle between their paths. But, when 
the angle between the vessels’ courses is acute, the method becomes 
the less reliable as the speed of the vessels is great, and as—the 
vessels standing nearly end on to each other—the time required to 
estimate the danger is the more limited. It seems that the require- 
ments of Article 15* of the existing regulations, instead of being 
restricted, as they are, by the decree of 1884, might be extended so 
as to include a sector of two points, for instance, on each bow. 

A very simple geometrical construction shows that, in the case of 
an encounter at equal speed, the angle of the bearing (the angle 
formed by each track and the line of bearing between the two vessels) 
is equal to one-half of the angle at the crossing of the two tracks.t 
Therefore this article should apply even if the angle of crossing of 
the two tracks amounts to go°. 

For a steamer, the space necessary in order that it may change its 
direction two points is, in general, equal to once and a half its length— 
that is, one hundred and fifty meters (164 yards) for a vessel of one 
hundred meters (328 feet), the diameter of whose turning circle is six 
hundred meters (656 yards). 


* See Note D. t See Note E. 
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The rule indicated to come to starboard would be dangerous only 
if the vessel perceived was discovered to be two points on the star- 
board bow, and at a distance less than twice the length of the vessel, 
We will admit that, at that distance, if there is danger of colliding 
and if there is any hesitation in acting, the collision would not be 
avoided. 

Article 3.—When the angle of the bearing is more than two points, 
the angle of the crossing of the two tracks is less acute. If there is 
danger of collision at a distance of equal visibility, the point of inter- 
section is farther away, the distance and the time in which to 
manceuvre are much greater. It seems that, in requiring one of the 
two vessels (that one which sees the other to starboard) to manceuvre, 
and, in all circninstances, to yield the right of way, the law is as clearly 
applicable to the sailing vessel as to the steamer. Consequently, if 
it is a sailing vessel that sees another vessel to starboard, and there 
is danger of collision, and if she is, moreover, close-hauled on the 
starboard tack, she will luff, deaden her headway immediately, 
and the other vessel will stand across her bows. Should it be 
a steamer in the same situation, she will moderate her speed, stop if 
necessary, if the distances are closing, and she will obtain the same 
result. If the vessel sighted is to for?, in order that there be danger 
of collision it is necessary that she present her starboard side; it is 
she then that will have to manceuvre, and if she makes an error she 
will be responsible for accidents. 

Article 4.—It seems entirely desirable that, whenever two vessels 
are in danger of encountering each other, they should mutually make 
call and distinguishing signals: the sound signals first, then a deton- 
ating signal (rocket ?), in order to indicate the commencement of 
the manceuvre to follow. 

Article 5.—We propose to indicate the inability of broken-down 
vessels, as well as fishing vessels, to manceuvre also by frequent 
flashes of the masthead light. This means, easy of execution, would 
not be confounded with any other, and would be perceptible as far as 
the range of the light itself. 

Article 6 explains itself. We believe that, with the variations of 
sound produced by the revolving parabolic reflectors, the situation 
of the vessel will be more readily estimated. 


GENERAL REGULATIONS, 


If it were possible to determine, for each voyage, a route to go 
and another to return, the chances of collision would be greatly dimin- 

















COLLISIONS AT SEA. 241 


ished. But a similar project, applicable only to steamers, and which 
does not prohibit the crossing of the routes, has raised so many 
objections that it appears to be abandoned. Notwithstanding, there 
are localities, like those of the Banks of Newfoundland, for instance, 
where we find a great number of vessels assembled unable to man- 
ceuvre, and for whom it is desirable to enforce some special con- 
servative (protective) measures. 

Article 1.—It should be adopted partly for the navigation of the 
steamer that runs along the coast from headland to headland. 

Article 2.—It should be the same for the entrance into harbors, 
roadsteads and rivers. 

Article 3.—The regulations for the lights of vessels at anchor should 
be modified by using ¢wo lanterns (stay lights) forward, very close 
together. The distance apart (to the eye) of these lanterns would 
indicate the vessel's proximity, and would not be apt to be confounded 
with the gas lamps or any other lights on the shore. 

Article 4.—We believe that the regulations should reguire from 
all persons called, even momentarily, to take charge of the vessel, 
guarantees of technical instruction and ability that would give that 
security which it is only right to exact for the passengers and cargo. 
This obligation is all the more necessary where the vessel carries 
passengers or emigrants. It is by hundreds that we count the human 
beings who confide in the professional ability of those who have 
charge of the vessel. A knowledge of the rules of the road should 
constitute part of the qualifications exacted of candidates for positions 
on foreign-going or coast-wise vessels. The duties of the officer of 
the watch, by night as well as by day, are filled by seamen of whom 
no legal guarantee is exacted. There are certainly careful seamen, 
keeping a faithful watch, but it is as certain that a great number 
among them have an incomplete knowledge of the rules of the road 
established to avoid collisions. A certificate of ability is required in 
the naval service to fulfill the duties of the seaman and petty officer, 
and there should be no difficulty in exacting an analogous guarantee 
of every seaman seeking service as watch officer on a merchant vessel. 

Article 6.—Finally, it seems that the courts, which adjudge all 
cases of damages between vessels of different nationalities, should 
have, to a certain degree, an international character, always reserving 
the presidency of said court to the local magistrate within whose 
jurisdiction the action for damage is brought. 
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APPENDIX. 
RULES OF THE ROAD. 


The rules of the road that we propose are comprised in the fol- 
lowing two articles: 

A.—Whenever a vessel bears from another /ess than two points 
on the bow, if there is risk of collision, she comes to starboard (ports) 
until she has cleared the danger. 

B.—Whenever a vessel bears from another more than two points 
on the bow, if there is risk of collision, that one of the two vessels 
which sees the other to starboard is responsible for the manceuvre, 
She should yield the right of way, moderate her speed, stop or 
change her course until she has changed the bearing on her bow 
sufficiently to clear the danger. 

Whenever a vessel sees another, in order that there should be 
danger of collision, it is necessary : 

1. That the course of each of the vessels should cross the bows 
of the other, or that they should be directly opposed to each other. 

2. That the speeds of both vessels should have a certain relation 
to the angle of intersection of the courses. 

The first condition can be filled when, to starboard, we perceive 
the fort side of another vessel; when, to ort, we perceive the star- 
board side of another vessel, or when, righ? ahead, we see the masts 
of another vessel] in line. 

The second condition is filled when the angle of the bearing of 
the vessel sighted does not vary. 

These two conditions can be established only when the visibility 
is sufficiently great that one may with certainty recognize some 
details of the vessel. 

The vistéz/ity is, then, the first of all the conditions to fill in order 
to avoid collisions. Also, we propose that by night, every vessel, 
sailing vessel or steamer, should be required to carry at an elevated 
point on the mast one or more white lights of the greatest illumi- 
nating power possible. 

The visibility being obtained, the angle of bearing can be taken; 
but whatever surety is given by this means, several observations, and 
a certain interval of time between them, are necessary in order to 
derive any advantage from them. 

Now, according to the clearness of the atmosphere, and when the 
angle of the intersection of the vessel’s course is acute, this method 
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may be unreliable, or at least give place to indecision—the most 
dangerous thing to happen in case of vessels meeting. It is com- 
pleted by the knowledge of the course of the vessel sighted. 

This intelligence is given during the night by the side lights, green 
or red. These lights have a feeble power—above all, the green. 
It is nevertheless the sole means that the sailing vessel possesses 
to designate (signal) her from a distance. 

This is why we propose that the sailing vessel should have a 
white masthead light, and that the steamer should have a second one 
on the forestays. This disposition would double the distance of 
visibility of the sailing vessel, and, for the steamer, would make her 
course known at double the actual distance. 

It is, above all, in the intersection of courses at an acute angle— 
the most dangerous of all—that the second white light of the steamers 
would have its special use. 

For, suppose that to starboard, at an angle of 10°, 15°, or 20° with 
the course, we see the /ower white light to the righ? of the masthead 
light, there is not any danger of a collision, and the officer of the 
watch is well convinced of it before seeing the green light of the 
steamer ; but if he sees the lower light to the 4/¢ of the masthead 
light, he knows immediately that there is danger considerably before 
seeing the ved light, and, if the bearing confirms the danger, the rule 
imposes upon him the duty of coming to starboard (porting). 

In the conditions of lighting that we propose it cannot be dangerous 
for the vessel to come to starboard (porting), unless the obscurity 
of the atmosphere was such that the white lights would not 
have been visible at a distance of 200 meters (about 220 yards). In 
this case it would be a fog, and the sound (fog) signals, which are 
audible at 1000 meters (nearly 1100 yards), would have been put in 
action, and would have preserved the two vessels from danger of 
collision. 

With regard to the sailing vessel, which is actually signaled only 
by her colored lights, we know that the sudden appearance of a green 
light to port, or of a red light to starboard, is a just cause of apprehen- 
sion for the officer of the watch, and that, according to the time he 
takes, the distance may be so shortened that all manceuvring becomes 
useless, We must remember thata steamer, forging ahead at a speed 
of 16 or 17 knots, cannot be stopped in a short space, and that even 
a simple change of direction requires a certain distance. This is why 
we earnestly advocate, besides the side lights, green and red, a white 
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masthead light for the sailing vessel and a second white light (of 
direction) for the steamer. 

These general regulations admitted, we should call attention to the 
complications of Rule 14, which contains not less than five different 
paragraphs, and which base the manceuvre (to be made by the sailing 
vessel) upon the course and sailing point of the vessel that she has 
just seen approaching, and having nothing but a colored light to 
guide her in estimating this point. 

How can one judge with precision if this vessel is sailing close- 
hauled or running free? The greatest indecision reigns in the mind 
of the officer who does not always accurately remember these five 
paragraphs. 

We think that in generalizing Article 16 and applying it to ail 
vessels, steamers or sailing vessels, we enact a simple rule which will 
not escape the memory of the seaman. 

The facility for making changes of speed and direction is often 
greater on board of a sailing vessel than on a steamer ; it seems that 
to-day there should no longer be an accumulation of all the responsi- 
bilities upon the steamer, and that the sailing vessel may share them. 
We may assert that the greater number of cases of collision result from 
indecision in the manceuvre of the one or the other of the vessels, 
and, sometimes, of both at once. It seems to us that, in speci- 
fying that in all cases the vessel which perceives another to star- 
board will be responsible for the manceuvre, that sole responsibility will 
suffice to indicate to the seaman the manceuvre to make, and we 
think that in all doubtful cases he should yield the right of way. 

This rule, of attributing the responsibility to one of the two vessels, 
has of itself the advantage of diminishing the chances of indecision 
by half, because all the vessels that are seen to port either are 
indifferent because their courses cannot lead to a collision, or if 
they do offer this danger, it is only when they present the starboard 
side to the first vessel ; they are, then, the ones responsible for the 
manceuvre, and should yield the right of way. 

There cannot be any question of a vessel changing her course for 
all vessels that she sees to starboard, but only whenever there is risk 
of collision and this risk is made apparent by the bearing. We have 
said that the bearing does not give this intelligence with sufficient 
rapidity whenever the angle of the courses is acute. It is for this 
reason that we propose to extend the provision of the 15th Article of 
the existing regulations so as to include an angle of 22°30’ (or ‘wo 
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points) on each bow, and that we say to come to starboard (port the 
helm) until the danger be cleared. It is above all in the case of 
limited visibility, at the time when the officer of the watch is absorbed 
by the danger of collision, that we believe we do a very serviceable 
act in giving him an absolute rule, which, combined with the respon- 
sibility limited to one of the vessels, cannot lead to any hesitation. 

The rule that we indicate can only be dangerous if the risk of colli- 
sion is recognized at less than 200 meters (about 220 yards) distant. 
In that case there would be fog, in which event the vessels would have 
sounded their fog signals and be proceeding with caution. But if 
one has not kept a careful watch, if he has not proceeded with caution, 
all the rules possible will be defective, and the collision will take place 
or will not take place according as the tracks lead towards it or 
deviate from it. 

We hope that, with the addition of a second white light on the 
steamer, and a white light for the sailing vessel, the distances of visi- 
bility will be doubled, and that the time which the vessels have for 
manceuvring will also be doubled. 

The distance of visibility would then be actually doubled for the 
sailing vessel—that is, four miles in clear weather, or more than seven 
kilometers, but the knowledge of her course would be known for 
only two miles, because of the feeble visibility of the colored lights. 


DISCUSSION OF THE RULES OF THE ROAD. 


If in the sector of 2 points to the /e/¢ of the course one sees the red 
light of another vessel, the courses diverge ; there is no manceuvre. 

If, in the sector to the right, one perceives the green light of 
another vessel, the courses diverge; there is no manceuvre. 

But if, in the sector to the /ef?, one sees the green light, or if, in the 
sector to the r7g//, one sees the ved light, the courses converge, and, 
if the bearing does not change, there is a risk of collision. 

We say that the two vessels should come to starboard. 

First Hypothesis.—Suppose the vessel A sees the green light of the 
vessel B to fort at less than 22°30’ (2 points) from her course. As 
he has already seen B’s white light for some time, he has taken a 
bearing and knows that the course is dangerous and that he will 
have to come to starboard. 

On his side, the vessel B necessarily sees A to starboard. He 
knows then that he is responsible for the manceuvre, and that, if there 
is danger of collision, he will have to give way. Three cases present 








a 








246 COLLISIONS AT SEA. 


«- 


themselves: 1. A may have a less speed than B; 2. a speed equal to 
that of B; or 3. a greater speed than B. 

1. Ahaving a /ess speed than B. A very simple construction 
shows that A bears from B at a smaller angie than B bears from A; 
consequently, the manceuvre of B is doubly indicated. He sees A in 
the dangerous sector to starboard ; he (B) comes to starboard (ports), 

2. A having a speed equal to that of B, A bears from B at the 
same angle that B does from A, consequently B still sees A in the 
dangerous sector to starboard ; he (B) comes to starboard (ports), 

3. A having a greater speed than B, A may then bear from B at 
an angle greater than the two points of the dangerous sector. The 
first rule does not apply, but the second rule compels him to yield 
the right of way and to pass under the stern of A. 

We see that in these three cases there can be no indecision for A 
or for B, because B, who sees A to starboard, will always manceuvre 
sO as to pass under his (A’s) stern. 

Second Hypothesis.—I\f the vessel A sees the vessel B's red light 
to starboard at less than two points from his course, having seen the 
white light, he knows his course is dangerous and leads to a collision. 
A will, without hesitation, come to starboard, pass under B’s stern, 
and will thus avoid collision. 

The speed that B may have with regard to A is here a matter of 
indifference, because, in all cases, it is A that should manceuvre, as he 
is responsible. 

But A may be a steamer or a sailing vessel. If A is a steamer, he 
will find no difficulty in coming to starboard, and for the extreme 
change of direction of 22° 30’ (two points), it is only necessary that he 
shall have, at most, a clear space ahead of him of 200 meters (about 

20 yards). 

If A is a sailing vessel, and he should be close-hauled on the 
starboard tack, he cannot readily come to starboard, but by flowing 
his head-sheets, by backing a sail, he will modify and diminish his 
speed ; in consequence, B, who has A to port, will see that the bearing 
changes, drawing aft, and he will not have any hesitation in coming 
to starboard, which he will always be able to do even if he is a sailing 
vessel, because, in the case where A is close-hauled (on the starboard 
tack), B would have the wind free, or aft. If B found himself close- 
hauled on the starboard tack, when he has been sighted by A, in 
coming to starboard, he will diminish his speed, but, in this case, A 
would be on the port tack, with the wind abeam at least, and as he is 
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responsible for the manceuvre, he would bear away, according to the 
rule, and pass under B's stern. 

There is no difficulty, then, in carrying out the provisions of this 
rule in any case between steamers, or between steamers and sailing 
vessels, or between sailing vessels; but its importance is decidedly 
manifest between steamers moving at high rates of speed. For 
speeds of 18 knots, the rate at which two vessels would approach 
each other is such that a kilometer (nearly 1100 yards) is traversed 
in less than a minute. It is under such circumstances that it is 
necessary that the officer should have a rule so precise that there 
would be no room for hesitation or loss of time. 

Finally, there is still the case of absolute calm for the sailing vessel, 
and of disabled machinery for the steamer, which renders both 
incapable of action. 

Article 5 then applies, and this state of disability is signaled by 
frequent occultations (flashes) of the white light. 

We think that the signal of sighting, which is not actually obliga- 
tory, should become so, and that the sound signal should be made 
in the limit of visibility of the colored lights; this limit is, at the 
same time, that of the estimation of the direction, and of the neces- 
sity for manceuvring. It isin this last case, and at the moment when 
a vessel changes her course, or modifies her speed, that she should 
apprise the vessel in sight by firing a rocket. 

The two accompanying plans are explanatory of the cases where 
the vessels A and B are supposed to have equal or different speeds. 

Outside of the sector of 22° 30’ (two points) on each bow, that we 
call the dangerous sector, for an equal distance of visibility, the 
distances of encountering augment rapidly, and, consequently, the 
time permitted for reflection and for manceuvring. The greater 
the angle made by the intersecting courses, the more sensible 
are the changes of bearing, and the calculation of the danger of 
collision made almost immediately. We think that for seamen the 
clause of the responsibility attached to one of the vessels, joined to 
the obligation to yield the right of way, is sufficient to indicate in all 
cases the manceuvre to make. This rule has a great practical range, 
and renders useless the multiplication of rules that surcharge the 
memory and give rise to the greatest hesitation. 

It is in view of this simplification that we demand that all persons 
performing the functions of officers on board ship should be supplied 
with certificates, stating their perfect knowledge of the rules of the 
road, 
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In these notes that we submit to the Congress of Washington we 
do not pretend to solve all the difficulties that pertain to the question 
of collisions. We have wished to call attention to the necessity of a 
better method of signaling the sailing vessel, to simplify the rules of 
the road, and to exact a certificate of ability from every person 
desiring to be charged with the conduct of a vessel. 


NOTES. 

Note A.—This Congress was to have been held at Washington, 
in April, 1889, but, owing to the action of Great Britain, it was indefi- 
nitely postponed. Great Britain having accepted, it has finally been 
decided to hold the Congress during the coming autumn. 


An Act providing for an international marine conference to secure 
greater safety for life and property at sea. 


Be it enacted by the Senate and House of Representatives of the 
United States of America, in Congress assembled, That the President 
of the United States be, and he hereby is authorized and requested 
to invite the Government of each maritime nation to send delegates to 
a marine conference that shall assemble at such time and place as he 
may designate, and to appoint seven delegates, two of whom shall be 
officers of the United States Navy and one an official of the Life 
Saving Service, two masters from the merchant marine (one from 
the sailing marine and one from the steam marine), and two citizens 
familiar with shipping and admiralty practice, to represent the United 
States at said marine conference, and to fill vacancies in their number. 

Sec. 2. That it shall be the object of said marine conference to 
revise and amend the rules, regulations, and practice concerning 
vessels at sea, and navigation generally, and the “ International Code 
of Flag and Night Signals”; to adopt a uniform system of marine 
signals, or other means of plainly indicating the direction in which 
vessels are moving in fog, mist, falling snow, and thick weather, and 
at night; to compare and discuss the various systems employed for 
the saving of life and property from shipwreck, for reporting, marking 
and removing dangerous wrecks or obstructions to navigation, for 
designating vessels, for conveying to mariners and persons interested 
in shipping warnings of approaching storms, of dangers to navigation, 
of changes in lights, buoys and other day and night marks, and other 
important information; and to formulate and submit for ratification 
to the Governments of all maritime nations proper international regu- 
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lations for the prevention of collisions and other avoidable marine 
disasters. 

Sec. 3. Thatthe sum of twenty thousand dollars, or so much thereof 
as shall be necessary, is hereby appropriated, out of any money in 
the Treasury of the United States not otherwise appropriated, for the 
necessary expenses of said marine conference, including the pay and 
allowances of the representatives of the United States therein, which 
shall be at the rate of five thousand dollars per annum, and actual 
necessary expenses for such delegates as are not salaried officers of 
the United States, and the latter shall be allowed their actual necessary 
expenses. The Secretary of the Navy is hereby authorized to pro- 
vide the conference with such facilities as may be deemed necessary. 
The powers and authority conferred by this Act upon the persons 
appointed by the President by force thereof shall terminate on the 
first day of January, Anno Domini eighteen hundred and ninety, or 
sooner, at the discretion of the President. 

Sec. 4. That it shall be the duty of the Secretary of State to 
transmit to Congress a detailed statement of the expenditures which 
may have been incurred under the provisions of this Act. 

Approved July 9, 1888. 


Note B,—STEERING AND SAILING RULES. 


SAILING VESSELS. 


Art. 14.—When two sailing ships are approaching one another so 
as to involve risk of collision, one of them shall keep out of the way 
of the other, as follows, namely : 

(a) A ship which is running free shall keep out of the way of a 
ship which is close-hauled. 

(b) A ship which is close-hauled on the port tack shall keep out 
of the way of a ship which is close-hauled on the starboard tack. 

(c) When both are running free, with the wind on different 
sides, the ship which has the wind on the port side shall keep out of 
the way of the other. 

(d) When both are running free, with the wind on the same side, 
the ship which is to windward shall keep out of the way of the ship 
which is to leeward. 

(e) A ship which has the wind aft shall keep out of the way of the 
other ship. 
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STEAMSHIPS TO KEEP OUT OF THE WAY OF SAILING VESSELS, 


Art. 17.—If two ships, one of which is a sazling ship and the other 
a steamship, are proceeding in such directions as to involve risk of 
collision, the steamship shall keep out of the way of the sailing ship. 


Note C.—This idea of the second white light forward, placed at 
an angle with the vertical, was advanced by Lieut. F. F. Fletcher, 
U. S. Navy, whose article on the subject, written some three years 
ago, was discussed in the Proceedings of the U. S. Naval Institute. 

This idea is based upon the American system of central range 
lights, the practicability of which for sea-going vessels was first 
demonstrated in No. 39 of the Proceedings of the U. S. Naval Insti- 
tute, December, 1886. 

According to this system the colored side lights are abolished, and 
all vessels will carry two range lights forward and one stern light aft. 
The range lights forward are visible from ahead to two points abaft 
each beam, and the stern light is visible from aft to two points forward 
ofeach beam. The two range lights are carried in a vertical plane 
parallel to the direction of the keel, with the lower light so placed 
forward of the upper light that an imaginary line drawn through these 
two lights will make an angle of 55° with the vertical. 

With this arrangement of lights the inventor claims that the direc- 
tion in which a vessel is heading is known at a glance, and every 
change in her heading or in your position on her bow is at once made 
apparent. This is more easily and more accurately determined at 
night by means of these lights than can be done during the day by 
noting the appearance of the ship’s masts and hull. It will be seen 
that when you are right ahead of a vessel, her two range lights will 
appear in a vertical line, one directly above the other, If you are 
one point on a vessel’s bow, her lights will appear inclined one point 
from the vertical. If you are two points on her bow, her lights will 
appear inclined two points from the vertical. At three points on her 
bow the inclination of her lights will be three points from the vertical, 
and at four points it will be four points, or 45°. When you are more 
than four points on her bow, her lights will be inclined more than 45°; 
and at six points on her bow, her stern light becomes visible. Between 
two points forward of her beam and two points abaft her beam all 
three of her lights will be visible. Abaft this, her stern light only will 
be visible. It was demonstrated that any error due to the heeiing or 
rolling of the vessel is immaterial. 
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In experiments made to determine the practicability of this system, 
numerous observations were made by different observers, and it was 
found that the greatest single error in estimating the heading of the 
ship was less than one point, while the average error was but little 
more than one quarter of a point. It is claimed that these lights can 
be readily placed upon all classes of vessels, whether steamer or 
sailing vessels, at no more expense than the placing of the present 
lights, and fulfill all the conditions required. 

Owing to the fact that vessels differ so greatly in their speed, it is 
apparent that the knowledge of a vessel’s approximate speed becomes 
almost as important a factor as a knowledge of your position on her 
bow. To indicate the approximate speed of all vessels, and to make 
the distinction between a steamer and a sailing vessel, the following 
was proposed : 

All steamers having a speed of thirteen knots or more will carry 
two bright white range lights as above described, and one of these 
lights will be so fitted with a screen that it will be mechanically occul- 
tated every one-half minute. Steamers whose speed is less than thirteen 
knots will carry the white range lights without the occultating speed 
signal. Sailing vessels will carry the range lights placed as on steamers, 
the upper one being white and the lower one red. We shall thus 
know whether a steamer’s speed is approximately fifteen knots or 
approximately nine or ten, which distinction is considered close enough 
for all practical purposes, A sailing vessel will have the advantage of 
carrying a bright white light which may be seen at a long distance, 
and the color of her lower range light will distinguish her from a 
steamer. 


Note D.—STEAM VESSELS MEETING. 


Art. 15.—If two ships under steam are meeting end on, or nearly 
end on, so as to involve risk of collision, each shall alter her course 
to starboard, so that each may pass on the port side of the other. 
This article only applies to cases where ships are meeting end on, or 
nearly end on, in such a manner as to involve risk of collision, and 
does not apply to two ships which must, if both keep on their respec- 
tive courses, pass clear of each other. The only cases to which it 
does apply are when each of the two ships is end on, or nearly end 
on, to the other ; in other words, to cases in which by day each ship 
sees the masts of the other in a line, or nearly in a line, with her own, 
and by night to cases in which each ship is in such a position as to 
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see both the side lights of the other. It does not apply by day to 
cases in which a ship sees another ahead crossing her own course, or 
by night to cases where the red light of one ship is opposed to the 
red light of the other, or where the green light of one ship is opposed 
i to the green light of the other, or where a red light 
Sf without a green light, or a green light without a 
red light, is seen ahead, or where both green and 
red lights are seen anywhere but ahead. 





& 


Note E.—A very simple geometrical construc- 
tion shows, that in the case of an encounter at 
equal speed—(supposing, of course, two vessels to 
be equally distant from the point of collision)— 


half the angle (<") at the crossing (of the two 


tracks) is equal to the angle (a or 4) formed by 
each track and the line of bearing (between the 
two vessels). 

Draw mn parallel to ss’, then aa’ and 6=J#, 
As a6, so must a’ + 4’ = 2a= 26; hence either 
one, a or 3, is half the angle between the crossing 
tracks. This holds good—always supposing a 
movement at equal speed—when the vessels ap- 

proach nearer and nearer the crossing point, as at 
bed v and 2’. 











Therefore this article should find application even if the angle of 
crossing (of the two tracks) amounts to 90°. 
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DISCUSSION. 


Lieutenant MCCARTENEY.—The frequency with which collisions at sea have 
occurred of late years, and the disastrous consequences resulting from them, 
have made it apparent that some change must be made in the existing regu- 
lations, which must be made as plain and as simple as possible, and a rigid 
enforcement of the rules be exacted. The International Marine Conference 
has been called for this purpose, and the foregoing paper of M. Hautreux 
presents some very desirable features for its consideration, 

The benefit to be derived from the white mast-head light of the sailing 
vessel, thereby increasing her range of visibility from two to five miles, is 
apparent at once, while the addition of the second white light forward, for the 
steamer, not only distinguishes her at once, but possesses the very material 
advantage of signaling her course long before the colored side lights, with 
their feeble power, can be seen. When we consider the high rate of speed of 
modern steamers, and the short space of time in which they traverse the 
distance between the visibilities of the colored and mast-head lights, the im- 
portance of this knowledge is obvious. 

Without entering upon a repetition of what has been said by the authors, if 
the distance at which a vessel can be seen and her course known is doubled, 
chances of collision are lessened immensely: there is double the time to act, 
and the danger resulting from indecision is removed. The range of visibility 
of the steamer can be still further increased by the use of the electric light, 
and as the necessary plant can be readily placed on board this class of vessels, 
and requires little extra attention, there should be no difficulty in its adoption. 
So much for the lighting. 

In regard to the proposed change in the rules governing the manceuvring of 
the vessels, they can, no doubt, be much simplified, and especially Art. 14, 
with its five attendant clauses ; but that the rule giving the sailing vessel the 
right of way in all circumstances should be changed to one placing her on an 
equality with the steamer, is, I think, questionable. While it might operate 
with fair success in ordinary weather, in a calm the sailing vessel is practically 
helpless, while in very heavy weather, any attempt at luffing, or changing the 
course, might be attended with disastrous consequences to the sailing vessel. 
The motive power of the steamer being so completely under control, it seems 
that there should be no question between the two. With the mast-head light 
proposed for the sailing vessel, even if the steamer is moving at a high rate of 
speed, the element of danger in the handling of the latter is removed by more 
than doubling the time allowed to change the course or stop the engines. 
The recommendation of the employment of different routes for eastward and 
westward-bound vessels is not the least important of the suggestions made, 
but the difficulty has been to have these recommendations followed, each 
captain being naturally desirous of shortening his voyage as much as possible. 

There can be no doubt how greatly the adoption of a route to go and another 
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to return will conduce to safety, With these routes, varying with the seasons, 
and sufficiently separated to avoid the possible danger of a vessel which is 
following one, from drifting into the other, from not having had observations 
for two or three days, the chances of collision will be much lessened. The 
U. S. Hydrographic Office, in its monthly publication of the Pilot Chart, has 
for a long time earnestly advocated this subject, and each month calls special 
attention to the best transatlantic steamship routes. 

In his annual report to the Bureau of Navigation, the Hydrographer says: 
“ Every effort has been made to collect the latest and most reliable data con- 
cerning ice in the vicinity of the Grand Banks, but very few reports have been 
made of this great danger south of the parallel of 45° N. The transatlantic 
routes, as laid down on the Pilot Chart, seem to have been adopted by the 
Boston steamship lines more generally this year than ever before, which 
accounts in part for the scarcity of ice reports. Many captains have been 
inclined to regard the recommendations as unnecessarily cautious, but such 
illustrations as the collision of the Geiser and Thingvalla affords have con- 
vinced the most skeptical of their value. The routes of the various trans- 
atlantic steam lines are slowly, but surely, drawing together, and while in all 
probability they will not reach the extreme limit for ice-season travel recom- 
mended by the Chart, they will approximate to it, and the adoption of one path 
each way for all will be a great improvement.” An objection raised to the 
Pilot Chart routes by Captain Banaré, of the French Hydrographic Office, is 
that they are not widely enough separated, thus giving opportunity for the 
possible error previously mentioned, due from lack of observations, wild 
steering, etc.; but this is a very minor point, and could be easily remedied 
when certain fixed limits have been adopted and vessels rigidly required to 
observe them. 

In the second part of “Les Collisions en Mer,” recently published in the 
Annales Hydrographiques, Captain Banaré says that “in giving to navigators 
a regulation that offers a guarantee of security, the tendency would be to 
diminish the watchfulness on board ship by raising a feeling of false confi- 
dence on the part of the captain, from the certainty which he would have that 
all vessels moving in the contrary direction would follow the official route; 
also that the lengthening of one of the routes, which would be the natural con- 
sequence of the adoption of the double track, could be another element of 
danger, inasmuch as all vessels would then maintain an exaggerated speed not 
only in foggy weather, but at all times, so that the number of collisions, instead 
of diminishing, would be considerably increased.” It is hardly probable that, 
should such routes be adopted, a captain would take upon himself the respon- 
sibility of leaving his proper track, knowing that in case of collision he or his 
company would be held responsible for the loss of life and property incurred. 
Still less would this be apt to occur in thick weather. 

Perhaps the most important feature of the paper is that relating to fog 
signals; much time and attention has been devoted to this subject for years 
by maritime nations. M. Hautreux recommends that steamers make use of the 
most powerful horns, and sailing vessels of shrill whistles ; also, that these 
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be placed as high up as possible, and the sounds be directed by means of 
reflectors. The importance of knowing the class of vessels encountered is 
evident, and here is another reason why the sailing vessel should continue to 
have the right of way. 

In the current (April) number of the North American Review appears an 
interesting paper, giving the views of several prominent captains of trans- 
atlantic vessels on the subject of fog signals at sea. A summing up of their 
views would indicate: Ist, the necessity of the adoption of a system of fog 
signals ; 2d, that whatever system be adopted, it should be so plain and simple 
that it could be instantly understood—the fewer and simpler the signals, the 
better; 3d, powerful steam whistles, of uniform size and tone, to be subjected 
to a government test ; 4th, a fixed maximum rate of speed, which vessels must 
not exceed during a fog, and that on hearing each other’s whistle they be 
required to stop until the signals are understood; sth, that the intervals 
between successive blasts should not exceed one minute. 

In Article 6 of his Rules of the Road, M. Hautreux says: “ During a fog, 
vessels must operate their fog signals every fve minutes at least, and oftener 
in frequented localities.” This interval is too great, considering the high rate 
of speed of modern vessels, and although he says “ oftener in frequented local- 
ities,” there should be a fixed interval, which should not be exceeded in any 
locality ; nothing should be left to chance. An example mentioned in the Re- 
view, by Captain Boyer, shows the necessity of this : “Supposing two steamers 
to be approaching each other with great speed, it is necessary that they should 
hear each other’s signals before the distance separating them becomes too small 
to permit manceuvring. If each is going at the rate of 20 knots, a maximum 
speed on the high seas at present, the two vessels approach each other at the 
rate of 40 knots an hour, or 745; of a knot per minute, It appears to me indis- 
pensable that the respective whistles be heard at least s#x minutes before the 
ships meet; hence it is necessary that the whistles should carry the sound 


tts X 6= $$§ — to about four nautical miles.” 


In regard to the signals to be used, nearly all agree as to their character and 
necessity—the long, powerful blast of the whistle to indicate the vessel’s 
proximity, and, as suggested by Captain Kennedy, late of the Germanic, a 
Separate or peculiar blast to indicate eastward or westward-bound vessels, to 
be followed by the compass signals, not to exceed 8, one for each four points of 
the compass. With such a code and prompt action, collisions would be ren- 
dered impossible. Somewhat similar to Captain Kennedy’s suggestion is a 
system of course signals proposed by Mr. Frank Hamilton, of the Bureau of 
Navigation, in September, 1888, as follows: 


PROPOSED AMENDMENT TO THE REVISED INTERNATIONAL REGULATIONS FOR 
PREVENTING COLLISIONS AT SEA. 


Approved by the Congress of the United States, March 3, 188s. 


Article 12. Strike out paragraphs marked (a) and (4), and insert in their 
place the following, viz.: 
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“(a) A steamship under way shall make with her steam whistle or other 
steam sound signal, and a sailing ship under way shall make with her fog 
horn, at intervals of not more than two minutes, the number of blasts indicating 
the nearest point to the course she is steering, according to the following code, 
viz.: one (1) blast for north ; two (2) blasts for northeast ; three (3) blasts for 
east; four (4) blasts for southeast ; five (5) blasts for south; six (6) blasts for 
southwest; seven (7) blasts for west ; and eight (8) blasts for northwest. 

“(4) Upon knowledge of the proximity of another ship, every ship shall 
steer as nearly as practicable the exact course she indicates, until it becomes 
necessary to alter her course to avoid collision, in accordance with Article 14 
to 23 inclusive, or until the danger of collision is past.” 

Article 19 of the Regulations is hereby repealed. 


NWN, 1 NE. 





SW. SE: 





Ss. 


Another system of proposed general fog signals to indicate the course 
steered is that which is known as the ‘‘ Bureau Plan,” but the combination was 
arranged by Mr. L. Waldecker, of the Navy Department. It is based on the 
well-known fire alarm system, so familiar to every one. It met with consider 
able favor by the maritime nations to whom it was submitted, including, I 
understand, the English Board of Trade ; but, later on, the Admiralty claimed 
that it interfered with their Channel system of sound signals. Should England 
approve this plan, I believe that other nations have signified their willingness 
to adopt it. 

Both these plans, that of Mr. Hamilton and that of Mr. Waldecker, will be 
submitted to the International Congress. 


Wasuincron, D. C. 
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Lieutenant-Commander B. F, TILLEY.—The proposed Rules of the Road 
are remarkably simple, and I admit that simplicity is desirable in framing 
rules which are to have such universal applications as these; but in the 
endeavor to simplify matters we should not fail to be explicit in stating 
exactly what is required of each of two vessels that are approaching each 
other so as to involve risk of collision. By the proposed rule “ B,” the vessel 
that sees the other to starboard is responsible for the manceuvre, but nothing 
is said in the Rules about the other vessel’s keeping her course. In the Steering 
and Sailing Rules now in use we have the following: 

“ Art. 18. Where, by the above rules, one of two ships is to keep out of the 
way, the other shall keep her course, subject to the qualifications contained in 
the following article : 

“Art. 19. In obeying and construing these rules, due regard must be had to 
all dangers of navigation, and due regard must also be had to any special 
circumstances which may exist in any particular case rendering a departure 
from the above rules necessary in order to avoid immediate danger.” 

In the new international rules of the road at sea, I think it would be 
advisable to have a rule containing the provision of Article 18, given above, 
and it might be well to increase its force by changing the word shail to must, 
so that the new rule shall read: The vessel not responsible for the manceuvre 
must keep her course, subject to the qualifications of Article 19. I regard this 
rule as necessary, because I have known several cases of steamships crossing 
where a collision would have occurred if in the manceuvre where one ship was 
required to keep out of the way of the other, the other ship had changed her 
course. Without such a rule it would be inferred that the vessel not respon- 
sible for the manceuvre was to keep her course, but the matter is too important 
to leave to inference. 

There are some few cases that may arise when vessels are crossing where it 
seems necessary that the vessel which sees the other to port should be required 
to maneuvre to avoid collision. Take the following dangerous situation of two 
vessels, which might be brought about by the failure or accidental extinguishing 
of running lights: The first, a long, fast steamer, suddenly discovers another 
vessel to starboard, in such close proximity that she, on account of her great 
headway, cannot avoid passing ahead of the vessel sighted, thereby unavoid- 
ably exposing herself to the danger of being run into on the starboard beam. 
She must go ahead, and cannot avoid a collision. All she can do is to reduce 
the effect of the collision by sheering with the helm. Suppose that the vessel 
sighted is a heavily laden coal schooner, running with a strong, free wind. Now, 
it may be in the power of the schooner to avoid the collision altogether, and 
she should be obliged by some imperative rule to make every effort to do this. 
It appears to me that the proposed rule “B,”’ which in a case like the above 
would put all the responsibility on the helpless steamer, might make the 
other vessel careless in looking out for and avoiding a danger that in this 
instance would come from the port side. The great number of coal schooners 
running along our coast makes the situation of two vessels as described above 
avery possible one, and if a collision should occur under the supposed con- 
ditions, it is likely that both vessels would be sunk. 


Navat Acapemy, Annapotis, Mp. 
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Ensign HAYDEN.—The portion of the essay to which I wish to refer is the 
following, printed under the heading ‘* General Regulations ”’: 

“ If it were possible to determine for each voyage a route to go and another 
to return, the chances of collision would be greatly diminished. But a similar 
project, applicable only to steamers, and which does not prohibit the crossing 
of the routes, has raised so many objections that it appears to be abandoned, 
Notwithstanding, there are localities like those of the Banks of Newfoundland, 
for instance, where we find a great number of vessels assembled unable to 
manceuvre, and for whom it is desirable to enforce some special conservative 
(protective) measures.” 

This question of the best regulation of steam traffic across the Grand Banks 
seems to be one of the most important as well as difficult problems that can 
come before the Marine Conference, and I am inclined to doubt whether this 
or any other conference will be able to agree upon and enforce any set of regu- 
lations that will improve, to any appreciable extent, the present status of 
affairs. Nevertheless, it should be thoroughly considered from every point of 
view, and an international tribunal is the only one that can properly do so, 
Moreover, the results of the deliberations of the Conference in other direc- 
tions—its decisions as to lights, fog signals, and rules of the road—have such 
an important bearing upon this question that its consideration may best be 
taken up after other points have been definitely decided. 

From my connection with the publication of the Pilot Chart, I have of neces- 
sity considered this subject very carefully, and perhaps on that account more 
fully appreciate the difficulties in the way of the adoption and enforcement of 
any hard-and-fast regulations or restrictions regarding transatlantic steam 
navigation. So many things enter as factors in the problem, and with such 
constantly varying force, that I must deprecate the hasty adoption of any of the 
specious and plausible schemes that look so well on paper and yet would never 
work in practice. 

‘The longer any one studies a vast subject, 
American Commonwealth, ‘the more cautious in inference does he become.” 


” 


says Professor Bryce, in The 


The world-renowned Maury even proposed a plan of “lane-routes,” and 
although it has still a prominent existence on paper, yet it has not now, and 
really never did have, any particular force in practice. 

With the Pilot Chart for December, 1887, there was published a brief dis- 
cussion of this subject, and certain routes were recommended. The plan thus 
initiated has been adhered to since that date, so far as recommendations go, 
and a brief résumé may therefore be of interest. 

Eastward Bound.—Follow this track, or nothing to the northward of it: 
Leaving New York, steer for latitude 40° 26’ N., longitude 73° 46’ W., thence 
ESE. ¥% E. to the 1oo-fathom line, then deep soundings, and off soundings, 
crossing 60° W. in 42° N. and 50° W. in 45° N.; thence follow the great circle, 
crossing 40° W. in 48° o1' N., 30° W. in 49° 56’ N., 20° W. in 50° 55’ N., and 
10° W. in 51° N. 

Westward Bound.—Follow this track, or nothing to the southward of it: 
Cross 10° W. in 51° 10’ N.; thence following the great circle, crossing 20 W. 
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in 51° 16’ N., 30° W. in 50° 28’ N., 40° W. in 48° 46’ N., and 50° W, in 46° N. 
Cross 60° W. in 43° N., 69° W. in 40° 38’ N.; then keep inside 30 fathoms, 
steering to cross 74° W, in 40° 30’ N. 

With the addition of a route from the English Channel (course about west 
by north), joining the west-bound route in about long. 20° W., and the shifting of 
both routes to the southward during the ice season, this plan has been con- 
sistently and persistently recommended on the Pilot Chart, and many letters 
of approval have been received from practical navigators and others. The 
main feature of this plan is, it will be noticed, to heep to the right of a narrow 
central belt whose limits are accurately defined, both graphically and by means 
of a detailed printed description. Westward-bound vessels are thus enabled 
to take advantage of the Labrador current, shaving Cape Race, if they choose, 
and eastward-bound vessels can go as far south as they please, to take advan- 
tage of the Gulf Stream and the easterly drift-current in mid-ocean. At the 
same time, in the central belt the danger to the fishing fleet and other vessels 
is at a minimum ; to the north of this belt, danger is to be looked for princi- 
pally from the east, and to the south of it, from the wesz. 

Neglecting the fact that different ports of departure and arrival must always 
interfere with this or any other plan, I may refer to certain other difficulties 
that may or may not prove insuperable. In the first place, there is the self- 
evident truth that this great highway of steam navigation, the connecting link 
between the old world and the new, is of vast and steadily increasing import- 
ance. Even now, although it is traversed yearly at almost railway speed by 
vessels intrusted with more than a million human lives and property of an 
aggregate value of fully a billion dollars, the inventive genius of the age is 
devoting its best energies toward meeting the demand for better, larger, faster, 
and safer vessels. The steamship that breaks the record, and carries the 
pennant for the best passage, becomes famous, and her success is heralded to 
the four corners of the earth. Now, this fact indicates “a condition, not a 
theory”; it means that there is a demand that must be considered and complied 
with, and regulations that lose sight of or attempt to discountenance it are as 
absurd as would be an attempt to regulate, by statute, the speed of railroad 
trains. 

Again, general averages regarding the limits of ice off the Grand Banks are 
often of no earthly use so far as any particular season is concerned; the 
present season, for instance, has been a marked exception, almost no ice at all 
having been reported. The usual or normal limit of drifting ice cannot, there- 
fore, be considered, and we must base our routes upon the conditions that 
actually exist, as reported by incoming vessels or by telegraph from St. Johns. 
Another important element is the fact that the mails are given to the fastest 
vessels, One steamer may take a safer route, traverse a slightly longer dis- 
tance, and lose the mail: this very thing happened only last year, when the 
Werra was beaten a few hours by the Servia, and Captain Bussius complained 
that he had followed the route recommended and lost the mail in consequence. 
This question should therefore be carefully considered, and postal regulations 
framed accordingly. 
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Last, but by no means least, all possible reasonable precautions should be 
taken to avoid unnecessary danger to the brave fishermen who follow their 
hazardous occupation on the Grand Banks and adjacent fishing grounds, con- 
stantly exposed, in their little sailing vessels, to all the dangers of this stormy 
coast, and surrounded half the time by dense fog that gives them scant notice 
of the approach of one of the rushing ocean greyhounds whose sharp bow 
would cut them through like a knife. In this connection let me quote from 
Captain J. W. Collins, of the U. S. Commission of Fish and Fisheries, whose 
long experience and intimate acquaintance with all the circumstances of the 
case render his opinion of great value. Captain Collins says, in a letter dated 
Washington, April 12, 1889: “So far as any plan is concerned to secure the 
safety of fishermen upon the Banks by the recommendation of definite lines of 
travel for ocean steamers, I give as my opinion that it would add much to the 
safety of fishermen if lines could be established during the greater part of the 
year which would take the steamers south of the Grand Banks. From March 
to November there is a large fleet fishing upon the Grand Bank, aggregating 
somewhere from 500 to 700 vessels, belonging to the United States, British 
North American Provinces, France, and Portugal. A comparatively small 
number of vessels, principally from the United States, fish upon the Grand 
Bank throughout the year. The fishing grounds extend from about 42° 57’ 
north latitude, which is practically the southern limit for halibut, to the 
northern margin of the Bank, and sometimes even beyond it. I appreciate 
the obstacles which might be met with in an attempt to prohibit steamships 
from crossing the Grand Bank, since I realize the force of your statement that 
the Banks cannot be ‘ fenced in.’ I think, however, that, considering the danger 
incident to the crossing of the Banks in the spring, summer, and autumn, when 
fogs are prevalent, it would be vastly to the advantage of the fishermen, and 
an act of humanity, if the steamship lines could be arranged to pass south of 
the Grand Bank from March to November. In winter, the vessels fishing upon 
the Grand Bank are generally collected about its southern extremity, where 
they go to fish for halibut. I would say that at that season the danger to 
fishing vessels would not be so great, if steamers are to cross the Grand Bank 
anyhow, if the crossing were made north of the 44th parallel of north latitude, 
or about where it is limited on the chart you have sent me. A very slight 
deflection, to avoid the southern point of Banquereau, would take the ships 
clear of all fishing grounds resorted to west of the Grand Bank, and would 
carry them far enough north so that they would not come in contact with the 
majority of the fleet, at that time fishing on the latter bank. I have drawn in, 
roughly, lines which I would suggest for spring, summer, and autumn travel, 
from March to November, so arranged that the northernmost would just clear 
the southern prong of the Grand Bank. I most earnestly hope that the steam- 
ship companies may be disposed to adopt some system which will relieve the 
fishermen from the perils now encountered by them in consequence of trans- 
atlantic steamers crossing the Banks. It seems that this might be done without 
material disadvantage, for the presence of ice enforces the deflection I have 
suggested for a part of the year, and there would only remain a comparatively 
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short time when the transatlantic trade would have to diverge from the 
courses heretofore followed in late summer and autumn.” 

These considerations seem to me to be the principal ones that have an 
important bearing on the question, and serve to illustrate its complexity and the 
difficulty of a practical solution that will be advantageous all around. Evidently, 
conflicting interests must be considered, and a compromise effected, or else the 
whole thing left in statu gue. When we consider, however, the enormous 
importance of transatlantic steam navigation ; the demand for great speed and 
quick passages ; the fact that the shortest route is close to Cape Race; that 
storms, fog, and ocean currents enter as a factor less and less every year ; that 
asingle great ocean steamship, carrying the transatlantic mail and straining 
every nerve to lessen the gap that separates the old world from the new, rep- 
resents almost, if not quite, as great a value, in number of lives and amount of 
property, as the entire fishing fleet of every nationality;—considering all these 
things, I must say it seems to me that all other interests are necessarily subor- 
dinate, and any regulations likely to be effective must be framed accordingly. 


Wasuincron, D. C. 


Lieutenant F. F. FLetcHer.—The principle involved in these propositions 
is that of placing a bright white light on all sea-going vessels, by means of 
which they are enabled to be seen at a great distance. Having this great 
range of visibility, it is claimed that two or more successive bearings may be 
taken to determine if the vessels are approaching a point of collision. If we 
could always see a vessel’s light at a sufficient distance, and then rely upon the 
accuracy of the subsequent bearings, it would seem that this method might 
answer the purpose. If we depend upon this method of avoiding collision, a 
single white light on each vessel is all that would be required, since the colored 
side lights perform no part inthe method pursued. They would simply act as 
a convenience, by telling us whether or not it would be necessary to take bear- 
ings, and even then this information comes at a time long after we are supposed 
to have taken at least one bearing. Beyond this tardy but conveniently useless 
information, they would be of no use in carrying out the method of avoiding 
collision here proposed. 

By means of the present white mast-head light of steamers, the method of 
taking successive bearings to avoid collision has been in use for some years, 
and experience has taught that it is inadequate to the purpose. This method 
is successful when the vessel is seen at a sufficient distance. But some means 
is required by which we can avoid a vessel that has, for many reasons which 
exist at sea, approached to a distance within which collision may easily be 
avoided, when there is no time to take doubtful successive bearings. For this 
purpose the one needful point of information required is how many points you 
are on the bow of that vessel. The placing of a second white range light forward 
of the mast-head light on steamers can convey this information, and it will be 
found in practice that it will seldom be necessary to resort to successive bear- 
ings. Attention is called to the fact that by slightly increasing the angle of 
inclination beyond 45°, the efficiency of the range lights will be much greater. 
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The white light proposed for sailing ships, although an undoubted improve. 
ment, will place them in no better condition than the present unsatisfactory 
condition of steamships. 

When a steamship is to avoid a sailing ship, it is just as necessary for her to 
know how that sailing ship is heading as if the latter were another steamship, 
Thus, suppose that a sailing ship is three or four points on the bow of a steam. 
ship, and that the steamship is only about a point on the bow of the sailing ship, 
If the steamship could see this, it would be evident to her that there would be no 
possibility of collision in keeping her course ; but not knowing this condition, 
and not having time for successive bearings, she would, under the law, stop 
and attempt to go astern—that is, pursue the only course that could lead to a 
collision. The propositions under discussion leave this most common case of 
collision unprovided for. 

In regard to the proposition to extend the rule of port helm to two points on 
each bow: before pointing out the serious defect of its practical application, I 
would call attention to a few facts connected with the manceuvring power of 
steamships. The Office of Naval Intelligence has recently taken measures to 
collect information on this subject from a number of captains now in command 
of steamships, many of whom kindly performed experiments at sea for this 
purpose. It is found that a steamship with fair manceuvring power anda speed 
of 12 knots will travel 480 yards from the time the helm is put over until she 
clears a spot that bore two points on her bow. Under certain conditions to 
which the proposed rule would apply, two such vessels will collide if they both 
put their helm to port when at a distance of 740 yards. If one of these vessels 
concludes there is no danger of collision, and decides to keep her course, while 
the other one, being in doubt, decides to comply with the rule laid down, colli- 
sion can take place at a distance of 1230 yards from the point where the helm 
was put over. With vessels of 18 or 20 knots speed, or less manceuvring power, 
it will be seen that these distances within which collision may take place, 
although conforming to the proposed rule, will be greatly increased. 

As a question of manceuvring power alone, the table below will show the rela- 
tive chances of collision between two 12-knot vessels under different actions of 
the helm between 300 yards and 1000 yards. These chances are calculated upon 
the supposition that their courses intersect, and either one bears within 30° on 
the bow of the other, which would probably be the practical condition under 


which the proposed rule would work. 
Chances of 


Collision. 
When both vessels keep their course..............000. 301 
When both vessels turn from each other ..............- 470 
When both vessels turn towards each other ........ ee 299 
When one turns from the other .............ccccceeees 469 
When one turns towards the other ...............+.0-- 121 
When both port according to proposed rule...... eecces 191 


This table applies to the case of two vessels of equal speed, but by averaging 
the result of all classes of vessels it will not differ materially from the above. 
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It will be seen that it is about 35 per cent safer for one vessel to turn towards 
the other than for both vessels to port the helm according to the proposed ‘ule. 
The reason for this lies in the fact that when the second vessel also puts her 
helm over, it throws her stern so far over towards the path of the first vessel 
that the effect, within 1ooo yards, is not compensated for by her change of 
direction. 

But the real danger to be apprehended from the proposed rule will be found in 
the extension of the limits within which it will practically be applied, and the un- 
certainty and hesitancy arising from doubt as to when it is applicable. By an 
examination of the testimony in cases of collision, it is seen that the natural 
tendency is to follow blindly any rule, regardless of the result. If this rule 
confines action within certain limits, these limits in practice will extend much 
beyond what is defined, and the rule will be applied in all cases of doubt, not 
to avoid collision, but to be on the safe side of the law. 

The present regulations require steamships meeting end on or “nearly end 
on” to port the helm, and clauses were added explaining the construction of 
the article by which it would appear that the dividing line as to what course to 
pursue is made so clear that there could scarcely be a possibility of acting outside 
the limit so accurately defined. Yet in practice it is noticeable that when two 
vessels at sea are meeting “nearly end on,” although quite clear of each other, 
one will often port the helm and cross the other’s bow. Since these tendencies 
exist, they must be given due weight in formulating rules of the road. There 
can be no dividing line from which to determine our course of action more 
readily defined from the deck of a ship than that of right ahead. If, now, we 
change this dividing line to two points on each bow, we shall not only double 
the number of positions from which we must determine our course of action, but 
we shall make the limits within which the rule applies indefinite in practically 
defining them. It will be found in practice that vessels will put the helm to 
port much beyond the two-point limit, owing to the tendency to follow a fixed 
rule and be clear of responsibility. Such a condition would be a retrograde 
movement towards the old law of the port helm. 


Wasuincron, D. C 


Mr. L. H. TURNER.—Having received from Lieutenant H. P. McIntosh, in 
charge of San Francisco Branch Hydrographic Office, a pamphlet entitled 
“Advance Copy for Discussion,” etc., I take pleasure in forwarding my 
opinions on the subjects therein discussed. 

Iam holder of Master’s Certificate No. 6549, issued by the Shipmasters’ Asso- 
ciation of New York, for sailing vessels, and certificate No. 4050, issued by 
U.S. Inspectors of Steamships, District of California, as master of steam 
vessels, and have had 19 years’ experience at sea, in all capacities. I have read 
with much interest the proposed rules for avoiding collisions at sea. 

The proposal to permit sailing vessels to carry white mast-head lights meets 
my fullest approbation, and were it the om/y change made, would go far towards 
lessening the liability of collisions in all instances of clear weather. That the 
increase of the range of visibility is a decrease of the liability of collision, is a 
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very self-evident truth needing no demonstration ; therefore the adoption of the 
electric light to distinguish steamers is, in the present simplified and perfected 
state of the electric-light plant, certainly practicable and advisable. 

I favor the system of range lights, as recommended by Lieutenant F, F, 
Fletcher, in preference to that of Lieutenant Hautreux. But in Lieutenant 
Fletcher’s system he recommends that the lower range light of sailing vessels 
shall be red. Coloration shortens range of visibility, therefore I think steamers 
having a speed of thirteen knots and over should carry two electric range 
lights, the lower scintillating. Steamers with a speed under thirteen knots 
should carry two electric range lights, both fixed, and sailing vessels should 
carry two white range lights of o#/, the difference between electric and oil lights 
being quite sufficient to distinguish sailing vessels from steamers. 

Regarding Steering and Sailing Rules, I view with apprehension any at- 
tempt to change Article 14 (Note B), for I believe the rule most firmly 
grounded in the minds of our merchant seamen, both officers and sailors, is the 
very simple one, that vessels sailing on the wind on the starboard tack have 
invariably the right of way, and the other provisions of the same article I 
consider so thoroughly established as to make it in no small degree dangerous 
to change. I fear many lives lost would be the price paid for the change. 

Article 17 (Note B) I think should also remain in force, for when the 
steamer alone is in a// instances required to manceuvre, the responsibility is 
confined to one officer, and therefore the liability of error is reduced to a 
minimum ; also, steamers, with their power of stopping and backing at will, are 
far more perfectly and easily controlled than sailing vessels. 

Article 4, requiring passing vessels “to operate their sound signals and 
fire a rocket,” I think superfluous. If in clear weather, it is entirely unnecessary, 
as the manceuvre would probably be commenced before the sound signals 
could be heard across the intervening distance, and the eye would give suff- 
cient notice of each manceuvre ; and if in fog, the sound signals required at 
that time by law would receive little or no assistance from the discharge of a 
rocket, which would tend to complicate the duties to be thought of and distract 
the attention of the officer in charge. I heartily approve of improved fog 
signal apparatus, the “fog horn” now used by sailing vessels being sadly 
deficient in power and range. 

I do think that the Federal Government should require that a// commanders 
and officers of watches should possess certificates of ability, to be obtained 
from duly accredited boards of examiners. 

And, finally, I believe that regular steamship lines should be restrained by 
law from laying the course of their prescribed route across any bank or fishing 
ground where many fishing craft lay at anchor, when a slight détour would save 
the great annual loss of life occurring from collision. Especially should this be 
regulated by international law or agreement, regarding the fog-covered Banks 
of Newfoundland. 


San Francisco, Car. 
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Mr. Joun CODMAN.—The suggestions of M. Hautreux, valuable as many of 
An intelligent naval 


” 


them are, do not tend to “simplify the present rules. 
officer, or commander of a steamship of the regular lines, might easily compre- 
hend and memorize them; but they would be apt to confuse the masters of 
It would be better for all men to know a 


, 


many sailing vessels and ‘tramps.’ 
few rules of the road well, than for a few men only to understand many rules, 
I have often thought that a simple “whistle alphabet” might be contrived, 
after the principle of telegraphy, to indicate in a fog the direction in which a 
ship is steering. For all practical purposes, and with a regard to simplicity, 
eight variations should be sufficient. The notes of the horn in sailing vessels 
should have the same length and distance apart as those of the whistles of 
steamers. 


New York. 


Ensign WALTERS.—In accordance with the request of the Naval Institute, 
that I criticise the proposed changes in the Rules of the Road, I have the honor 
to submit the following : 

General Regulations, p. 2, Art. 1. ‘* Steamers whose speed exceeds twelve 
knots must have their electric lights scintillating.” Art. 5, p. 3, Rules of the 
Road. “A vessel that has been stopped, or is unable from any cause to 
manceuvre, will indicate the fact by frequent occultations of her mast-head 
light.” This might result in confusion between a vessel going over twelve 
knots and one not going at all. 

Art. 2, p. 2. Steamers to carry a second light at an angle of 45°, to be 
lighted only upon encountering another vessel. If the other vessel perceives 
her first, the other will think it is a sailing vessel, or else a steamer whose 
second or lower light is not visible, because, though not expressly stated, it is 
given as the plan of M. Prompt (p. 4), that this light should not show abaft the 
beam. I think Lieutenant Fletcher’s ideathe better, and see no reason why 
both lights should not be kept going all the time. 

The plan of Lieutenant Fletcher, to abolish side lights and substitute the 
central range, the lower light on sailing vessels to be red, and the angle of the 
two forward lights to be 55°, seems to me to be an excellent one, and the 
arrangement of having the two forward lights to show from ahead to two points 
abaft the beam, while the stern light shows from aft to two points forward of 
the beam, seems to me to meet the case exactly. Incase of occultations of one 
of the forward lights being resorted to for the purpose of indicating a speed of 
over thirteen knots, it should be the lower one, which provision will allow 
occultations of the upper one to indicate that the vessel is stopped or disabled. 

Art. 2, Rules of the Road, p. 3. This article is so ambiguous that I have 
been unable to discover its hidden meaning. Future references to this article 


” 


seem to point to the fact that the pronoun “ she ” refers to the second vessel ; but 
in the article it refers, from the construction of the sentence, to the first. This 
would involve collisions where there would be no danger of them if no change 
were made in the course of either vessel. It would be better to alter the sen- 


tence to read : “ Whenever a vessel has another bearing less than two points on 











266 COLLISIONS AT SEA. 





either bow, and there is danger of collision, the former ports her helm until 
the danger has been cleared.” 

Page 3, Special Regulations, Art. 1. It should be specified that those having 
the land on the starboard hand shall keep the line joining the headlands at a dis- 
tance of five miles, and the others shall keep the same line at a distance of ten 
miles. In case of collision, through neglect of this rule, the excuse of the 
outside vessel would be that she was complying with the rule requiring her to 
keep ten miles from the land. If the sweep of the land between headlands 
were five miles from this line, this would be true. 

Appendix, Rules of the Koad, p.7, A. The same ambiguity is involved in 
this sentence as in the former one, Article 2,p. 3. As in the former case, the 


” 


pronoun “she” refers, from the construction of the sentence, to the wrong 
vessel. 

Page 10,1. “A having a less speed than B,a very simple construction 
shows that A bears from B at a smaller angle than B bears from A;” the only 
condition given being that A sees B’s green light to port at less than two points 
from A’s course. I do not see that the above follows from the condition given, 
nor do I see that the speed of a vessel has anything to do with her bearing 
from another at any instant, which is made in 2 and 3 to alter the conditions, 


The following illustration demonstrates the pernicious character of Article 
2, p. 3, as it stands: 


According to the article, A should port. The consequence would be a 
collision in nine cases out of ten. If B ports also, it would be worse. 

I think Lieutenant Fletcher’s plan of lights should be adopted. It might be 
just as well to keep the side lights in addition to those he suggests ; but they 
should show from right ahead to right astern on each side. This plan without 
the side lights would enable a vessel to determine another’s course at night 
sufficiently close for practical purposes. The present scheme, which leaves a 
sailing vessel without any lights from two points abaft the beam round by way 
of the stern to two points abaft the beam on the other side, renders it impos- 
sible for a steamer overtaking her to see her until her huli is lit up by the 
steamer’s mast-head light. 1 myself narrowly missed a vessel on one occasion, 
only perceiving her by the light of my own mast-head light thrown on her 
mainsail. 

I consider the endeavor to make a sailing vessel equally responsible with a 
steamer particularly vicious. In general it is easier for a steamer to clear 4 
sailing vessel than for the latter to get out of the way of a steamer, and only 
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special cases, where the sailing vessel can evidently better manceuvre, should 
be set for her to manceuvre. We should be very cautious about infringing on 
the sailing vessel’s rights, it being admitted that she is the less easily handled. 
A sailing vessel close-hauled is at a disadvantage compared with one running 
free, and should not be subjected to the same responsibility. 

It has been my observation that many, if not most, collisions are occasioned 
by both vessels attempting to manceuvre. I have always felt, when in charge 
of the deck at night, that the chief danger lay in the attempt of another vessel 
to get out of my way, when she should have kept her course. Therefore it is 
my opinion that, as far as it possibly can be done, it should be made obligatory 
upon one vessel to keep clear of the other, and for that other to keep her course. 
The only cases when this cannot be done are when two vessels meet end on, or 
when they are nearly so, and for this reason Article 2, p. 13, even if modified 
so that it could be understood, would be a very dangerous innovation. With 
the exception of the articles mentioned, and the regulations concerning lights, 
the suggestions of Lieutenant Hautreux and Captain Lanneluc are very good. 
Article 4, p. 3, might be very well amended so as to require the vessel firing 
the rocket to fire it in the direction in which she intends to go. But I 
emphatically oppose the attempt to make sailing vessels as responsible as 
steamers. 


New Orveans, La, 


Lieutenant A. B. Wyckorr.—In reading the translation of the pamphlet 
written by Lieutenant M. A. Hautreux, of the French Navy, and submitted to 
the International Congress at Washington by the Bordeaux Geographical 
Society, one is impressed with the impracticability of many of the proposed 
changes. That the present regulations for preventing collisions need careful 
and thorough revision is beyond question. But these should not be more 
radical than the necessities of the case require. Seamen are extremely con- 
servative, and principles fixed by long years of experience should not be too 
rudely overthrown. 

Article 1 of the General Kegulations requires a// steamers to carry electri 
lights—a measure wholly impracticable for small steamers, tugs, etc. The 
powerful electric lights have disadvantages as well as advantages, as all pilots 
will testify. The second white light proposed would probably not be higher 
than the pilot-house of large steamers, and could not be distinguished from 
other electric lights. The ability to place it on the head-stays, so that it could 
be seen and operated, is questionable, as well as its utility for determining the 
heading of the steamer when pitching and rolling in a sea-way. I presume the 
author does not intend that arc lamps shall be used, and dangerous currents 
led up the masts and rigging. If incandescent lights are intended, their life 
is very uncertain, and they would require constant watching, as well as time in 
replacing. 

The necessity of sailing vessels carrying white mast-head lights would not 
exist, if rules with penalties were adopted requiring them to have side lights 
of sufficient power, always lighted when under way, and placed at a sutlicient 
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height above the water. The majority of sailing vessels have no fore-topmast 
cross-trees. No reference is made to a fixed stern light, which is absolutely 
necessary for the safety of slow steamers and sailing vessels. ] 

More powerful sound signals are required, but the propositions of Article 3 
are impracticable. Steamers use their whistles for a variety of signals, and 
would not readily substitute horns. It would also be difficult to get schooners 
to carry air-pumps and parabolic turning reflectors. 

Article 1 of the Rules of the Road is what every deck-officer does at present, 
at least in a general way. Article 2 is radically bad, and is an amplification of 
the old “‘ port helm” rule, which has caused a large percentage of all collisions, 
The officers of our Navy will remember the Oneida and Bombay, the Alert and 
Imperial Japanese Yacht, and many other instances. Porting the helm, when 
the other vessel is head on and even one-half of a point to starboard, would 
lead to many serious collisions. What is needed, particularly in this instance, 
is the second side light obscured for two points on the bow. A slight change 
of the helm would then open the after side light, when each vessel could go 
on her way at full speed, as safely as locomotives meeting on a double-track 
railroad. 

Article 3, making a sailing vessel equally responsible, and governed by the 
same rules as a steamer, will hardly be accepted. Articles 4 and 5 ask a good 
deal from the ordinary sailing vessel, with perhaps two men on deck. How he 
expects them to make the frequent occultations of the mast-head light on 
sailing vessels does not appear. Article 6 is excellent. 

The Special Regulations are very good, except Article 1. With ports near 
together it is impracticable ; for, in many instances, one steamer would have 
to steam twice as far as another going in the opposite direction. 

As I have already taken up too much space, I will not enter into a discussion 
of the points raised. 


Wasuincton, D, C. 


NEWPORT BRANCH. 
MAY 3, 1889. 


The President, Rear-Admiral S. B. Lucg, U. S.N., in the Chair. 


The paper was read to the meeting by Lieutenant H. M. Dombaugh, U.S. N. 


The PREsSIDENT.—The subject of this paper is one of the utmost concern to 
our profession, and the discussion of it is most timely. Of course, the greatest 
danger exists during fogs, and the rules should be especially discussed with 
this in mind. 

We shall be pleased now to hear the opinions of any present upon this 


subject. 


Commander GoopricH.—I notice an absence of specific reference to the 
question of rules in time of fog—a time when rules will be most necessary. 
The whistles now used in American waters should be legalized. 
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A year ago Lieutenant-Commander Belknap proposed to signal the compass 
course steered, or within a point or so of it, by means of two steam whistles of 
different pitch or tone, in conjunction with a code dividing the compass card 
into sectors of from two to four points each. This is but a variation of an old 
theme, but to my mind it is the simplest and best of all the forms the idea has 
taken. 

The proposed manner of lighting sailing vessels under way seems to bea 
logical deduction from the necessity of making vessel’s lights more visible, as 
if one should say, Green and red are both faint, we must have a white light; 
when low down it can’t be seen far, let us raise it. Thus we get in two easy 
stages to the white light carried at the mast-head. 

I think Captain Mahan is right as to the division of responsibility for col- 
lision between the steamer and the sailing vessel. It is a delicate point, and 
vital to the whole discussion. Under this head, no ambiguity should be left. 

The second white light on board the steamer is an old device. The late 
Lieutenant-Commander Gorringe in 1869 used to urge the necessity of range 
lights to indicate the direction of the ship’s keel. He advocated, on board 
sailing vessels, one light at the flying-jibboom end and the other at the knight- 
heads. The idea is a good one. The lower light ought to be carried always, 
and be so screened as not to shine in the eyes of the helmsman. 

There is no objection to using the electric light on board of steamers, but 
steamers are not always supplied with dynamos, and the obligation to carry 
them would prove onerous in small craft. I like the idea of flashing the mast- 
head light when the speed is above a certain figure. 

It may be ungracious to speak of the article as we find it printed, but I think 
it always the duty of a translator to give an idiomatic version, not a literal and 
therefore obscure rendering of an author’s text. 

On one point in connection with all rules of the road, I think too much stress 
cannot be laid. They should be in the briefest and clearest terms. Your own 
ship should always be A, the vessel seen B. The verbal circumlocutions of 
the present rules should be absolutely suppressed. 

The proposed injunction to keep a certain number of miles off shore is 
vague. Is the distance to be measured from the shore line or from a line 
running from headland to headland? And again, the weather might under 
certain circumstances be such as to make an infraction of the rule desirable, if 
not imperative. ; 

On the whole, the essay will prove a valuable contribution to the literature 
of the profession in stimulating discussion where its provisions do not force 
themselves upon the universal conviction of seafaring men. 


Vice-Commodore Hanpy, R. I. Y. C.—The rules presented by the authors 
of this paper are based on very sound ideas, but it is not enough to have the 
rules; it is necessary also to have them carried out in a very thorough way 
and to have the spirit of the law as well as the letter observed. As an example 
of the way things go, we find, in cruising along our coasts, that while the coasting 
vessels obey the letter of the law, in that they have their “lights” lighted, yet 
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in many cases the lamps are so poor, or the lanterns so foul, that the lights 
cannot be distinguished until one is close alongside. Provision should be 
made to meet such cases as this, or else the rules lose much of their value. 


Lieutenant HuTcHINs.—In rearranging the Rules of the Road we should at 
least be influenced by a few general considerations. For instance, it is proposed 
to increase the number of lights carried by vessels. This would be unwise, for it 
frequently occurs now that in some localities a large number of lights suddenly 
become visible. This would be all the more perplexing if we increased the 
number on each vessel. Efforts should be made to increase the power of the 
lights we now have rather than to increase the number. 

Again, it is proposed, under certain conditions, to give a steamer the right of 
way over a sailing vessel. I think a sailing vessel should always have the 
right of way, not only because she is dependent upon the wind for maneuvring, 
but also because the speed of the steamers that are being built from year to 
year is increasing, and hence the time allowed for a sailing vessel to manceuvre 
to avoid a collision after sighting a steamer becomes gradually less. 

In regard to the colors to be used for vessels’ lights, at least one of the lights 
should be that color which can be seen the farthest in a fog, for it is then we 
have the greatest chance of collision. This color we know to be red, and it is 
possible that a search light may throw such a red beam as can be seen a con- 
siderable distance even in a dense fog. A few experiments would settle this 
point. If such was found to be the case, a beam thrown in the direction of the 
course of the vessel would be a far more accurate indication of the course to 
another vessel than the method proposed of using two mast-head lights one over 
the other, and it would be preferable toa sound signal. At certain intervals the 
light could be trained to sweep the horizon, otherwise a vessel at right angle 
to the beam would not be able to make it out. It would probably not be neces- 
sary to use an arc light for this purpose, as it is claimed that incandescent lamp 
filaments can now be used in the focus of a projector. 

I simply offer this as a suggestion that might be worth experimental inquiry. 


Lieutenant HoLMAN.—A/r. President :—I would like to say a word in favor 
of doing away with red and green lights and substituting white range lights for 
them, as urged in this paper. 

That range lights indicate with considerable precision the course steered by 
the vessel carrying them, whenever the weather is such that any lights at all 
are visible to neighboring observers, no one familiar with the aspect of our 
sound and river steamers at night will dispute. With range lights displayed, 
colored side lights are mere accessories, rather ornamental than useful. 

Among the many reasons given in favor of abandoning the colored running 
lights there is one that I do not remember to have heard advanced, and that 
is, not the tendency, cited in the essay, to mistake red lights for white ones in 
foggy weather, but that of erroneously regarding green lights as white on even 
the clearest nights. 

Who among us, while standing watch at sea, has not had the familiar experi- 











COLLISIONS AT SEA, 271 


ence of seeing a light, which, showing white at a distance, and no great one at 
that, gave evidence when close aboard of being intended for green? The 
effort to avoid lessening the brilliancy of the lights by putting as little coloring 
matter as possible in the glasses is sometimes carried to a harmful extreme. 
A small quantity of red in a shade or in a lens will make an unmistakably 
red light, but a small quantity of green may render close inspection necessary 
to the perception of any green tint whatever. 

Should the International Congress, in considering the matter of lights, deem 
a conservative policy the better one, and decide to retain the present system, I 
hope it will decree a standard so that red lights, wherever met, shall be red of 
uniform intensity of color, and that green shall be green, also of a determined 
intensity and not, as at present, ranging on the one hand from red to pink, and 
on the other from dark green barely visible, to pale green with difficulty 
discernible from white. 


Professor MUNROE,—This matter of which Lieutenant Holman has spoken 
is one to which Dr. B. Joy Jeffries, the well-known authority on color-blindness, 
has given considerable attention. Some ten years ago he urged the adoption 
of standard colored lanterns by the U. S. Board of Supervising Inspectors of 
Steam Vessels, and he induced the New England Glass Company to attempt 
the manufacture of the proper glass. His efforts were so successful as to 
result in the following order: 


** TREASURY DEPARTMENT, 
*“ WasHINGTON, D.C., March 18, 1881. 
“Agent New England Glass Works, 67 Federal Street, Boston, Mass. 

“ Sir :—You are hereby authorized to furnish to each of the thirty-six boards 
of local inspectors of steam vessels named in the enclosed list, one red and one 
green lantern of the exact shade of colors of the samples furnished by your 
company, and now in the office of the Supervising Inspector General, which 
have been adopted by the Department as the standard shades to be used on 
steam vessels of the merchant marine of the United States, in accordance with 
the resolutions of the Board of Supervising Inspectors of Steam Vessels 
adopted February 4, 1881. Very respectfully, 

[Signed] “CHAS, J. FOLGER, Secretary.” 


Iam not cognizant of what further action has been taken in this matter, but 
I can readily understand that many difficulties intervene to prevent the securing 
of colored lanterns optically similar in every respect. 


Rear-Admiral Luce.—In my humble opinion no hard-and-fast ironclad 
“ Rules of the Road ” will supply the place of that skill in the handling of a 
vessel at sea, and the judgment which controls action in emergencies, which 
comes of experience. Lieutenant-Commander Hautreux, the author of the 
paper under discussion, seems to recognize thistruth. He lays down two good 
rules under head of “ Special Regulations ”:— 

“Article 4.—On board all vessels carrying passengers, the officers keeping 
watch must be licensed for long voyages or for coasting vessels. 
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“Article 5.—On board every vessel making either long voyages or coasting 
trips, the watch officers must possess certificates of fitness.” 

And again, under head of * General Regulations ”’:— 

“Article 4.— We believe that the regulations should regsuire from all persons 
called, even temporarily, to take charge of the vessel, guarantees of technical 
knowledge and ability that would give that security which it is only right to 
exact for the passengers and cargo. This obligation is all the more necessary 
where the vessel carries passengers or emigrants. it is by hundreds that we 
count the human beings who confide in the professional ability of those who 
have charge of the vessel. A knowledge of the rules of the road should constitute 
part of the qualifications exacted of candidates for positions on foreign-going or 
coast-wise vessels. The duties of the officer of the watch, by night as well as by 
day, are filled by seamen of whom no legal guarantee is exacted. There are 
certainly careful seamen, keeping a faithful watch; but it is as certain thata 
great number among them have an incomplete knowledge of the ‘rules of the 
road.’ A certificate of ability is required in the naval service to fulfill the 
duties of the seaman and petty officer, and there should be no difficulty in 
exacting an analogous guarantee of every seaman seeking service as watch 
officer on board a merchant vessel.” 

Farther on he remarks that— 

‘*Itis in view of this simplification that we demand that all persons per- 
forming the functions of officers on board ship should be supplied with certifi- 
cates stating their perfect knowledge of the rules of the road. 

“In these notes that we submit to the Congress of Washington we do not 
pretend to solve all the difficulties that pertain to the question of collisions. 
We have wished to call attention to the necessity of a better method of sig- 
naling the sailing vessel, to simplify the rules of the road, and to exact a cer- 
tificate of ability from every person desiring to be charged with the conduct of a 
vessel,” 

I cannot too earnestly commend to the attention of those interested in this 
very important question the remarks above quoted. For, however good the 
“Rules of the Road” may be, it is, after all, the cool head and the steady hand 
that is to be relied upon to avert threatened danger. 

This point has been recognized in the United States and an attempt made to 
provide for it. House of Representatives Bill No. 1347, of January 17, 1874 
(43d Congress, 1st session), was to amend the act to provide for the better 
security of life aboard ship. 

The first section provided for examinations of persons intending to become 
masters or mates of merchant vessels. 

The fourth section provided “ That there shall be delivered to every appli- 
cant duly reported by the Board of Examiners to have passed the examination 
satisfactorily, and to have given satisfactory evidence of his sobriety, expert- 
ence, ability and general good conduct on shipboard, a certificate of competency,” 
etc., etc, 

Section 5 made it unlawful for an American ship to go to sea unless her 
officers were properly certificated, under a penalty of not less than one thousand 
dollars. 
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Section 12 provided for the establishment of nautical schools where those 
desirous of qualifying for the mercantile marine could obtain the requisite 
instruction. ‘This was the origin of the ‘‘ Public Marine School Bill,’’ and the 
only part that became law. 

Section 15 required that “ all foreign-going sailing ships ’’ shall take out boys 
in numbers proportioned to their tonnage. 

Section 16 made it lawful to indenture boys, with the consent of their parents, 
to serve in trading ships until they shall arrive at the age of 21. 

This was a wise measure for the prevention of collisions at sea by training 
up boys for the trade of seamen, and requiring officers to be certificated as to 
their ability to perform their duties. The bill in its entirety failed at the time, 
but another effort should be made to secure the favorable consideration of 
Congress. 

There is one other passage in Lieutenant-Commander Hautreux’s paper to 
which I will briefly allude. On page 5, Article 3, he says: 

“In time of fog, the sound signals will be operated by compressed air. 

“Tt is no more difficult to use compressed air on a steamer than to use steam ; 
the use of the latter is subject to great inconvenience by reason of the conden- 
sation in the leading pipes, obstructions or choking of the pulley, and the 
feebleness of the sound at the beginning. 

* With respect to the sailing vessel,the actual operation of the trumpet, pro- 
duced by means of the human breath, is of little importance and has no great 
range or capacity. tis not difficult to compress the air bya hand pump within 
reach of the lookout on the bow, and then to use the steamer’s whistle on board of 
the sailing vesse/, while the steamers make use of powerful horns.” 

The great value of a good system of fog signals cannot well be overestimated 
in this connection. The best now known is the “ Crosby Automatic Signal,” 
designed for the express purpose of preventing collisions on the water during 
fogs. It gives a uniform and perfectly reliable action of the steam whistle or 
horn, and ensures continuous operation without the aid of hands, thus leaving 
the lookout or watch officer unembarrassed in watching for the approach of a 
Stranger. The following brief description will give an idea of its character: 

The signaling apparatus consists of a steam cylinder about 6 inches long by 24 
inches in diameter, a small single-acting balanced piston valve being fitted to 
the lower end. The steam admitted through the valve is controlled by aspring 
motor consisting of a simple clock mechanism occupying a space about 6 inches 
Square. This motor is provided with a code cam or wheel that makes one 
revolution every two minutes, and can be set to actuate the valve, admit steam 
to the cylinder and raise the piston, producing blasts at such intervals and of 
such length as shall have beén determined by the person incharge. The valve 
in the whistle or trumpet is opened by means of a cord attached to the lower 
end of the piston. The motor is self-winding, so that the machine will con- 
tinue to run and signal so long as steam is admitted. A remarkable economy 
of steam is secured, there being no steam used except that required for the 
blast itself. In this respect the Crosby Signal is unique, and accomplishes a 
Saving over all other appliances in steam, water, and coal, as proved by official 
tests at Sambro Light, of fully forty per cent. 
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When used on board steamers, the Signal is placed in the pilot-house within 
reach of the officer incharge. The code wheel is set according tothe preference 
as to frequency and duration of blast, it being a very simple matter. On the 
approach of thick weather the captain or officer of the watch starts the machine 
by simply opening a steam valve and turning athumb-screw. This being done, 
he is relieved from all concern as to his own signaling, and enabled to concen- 
trate his attention on approaching vessels. It is believed that many collisions 
occur by reason of the attention being divided. It is reasonable to suppose, too, 
that sometimes there is an omission to signal on account of the concentration of 
mind onthe lookout. Should there be an approaching vessel, the officer of the 
watch can instantly interrupt the automatic action and give such signals by hand 
as the occasion requires, 

An apparatus of this character is already in operation at the Beaver Tail 
Light Station, and is believed to have given great satisfaction. By a simple 
device the Crosby Automatic Signal can be used for signaling by the Morse 
Code. 

It gives such ample promise of success as to warrant trial in the Navy and on 
board some of our ships that frequent our own coast. 

I have nothing to add, save to express my appreciation of Lieutenant-Com: 
mander Hautreux’s comprehensive and well-considered paper. 


Lieutenant JoHN Wyckorr, U.S. R. M.—After carefully reading the subject 
under discussion, and after having talked the matter over with a number of 
captains and pilots of both seagoing and coastwise vessels, and from my own 
personal experience at sea and in enforcing the present laws, I fail to see 
the need of any such radical changes in the navigation laws as proposed; I 
cannot see that they would be of any benefit in facilitating navigation. All 
express themselves as perfectly satisfied with the present system of lights, 
We furthermore agree that the plainer and simpler the rules of the road, the 
less the liability to accidents. 

There should be a standard construction and power of lenses for the red and 
green lights as now designated by law, and vessels should be compelled to 
carry them, and the fine for such violation should be not only imposed but 
enforced. Vessels should also be required to burn a certain grade of oil of 
brilliancy of flame of a fixed candle power, in lieu of the low-priced oils and 
lenses now in use. They also should be obliged to carry their side lights not 
less than twelve feet from the water, and the light boards of sufficient length 
to prevent the lights from being seen across the bow. The clause about two 
vessels meeting and in danger of collision sending up skyrockets and then 
commencing the detonating signal to explain the why and wherefore seems 
perfectly absurd to me, for in clear weather with proper lookouts and good 
judgment no such condition of affairs would arise. In foggy weather it would 
be impracticable, as the vessels under such conditions would have either sunk 
or fouled each other. No doubt a better system of fog signals could be 
arranged, especially when one or the other condition arises from the over- 
taking or crossing the bows of each other: for instance, vessels meeting end 
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on should blow one long blast to indicate port, two blasts to indicate starboard, 
and three short blasts to indicate full speed astern. 

A vessel having another on her starboard beam should determine from the 
sound the apparent position of the approaching vessel, and should sound four 
short blasts, to signify I am crossing to starboard; on the port beam, two 
short and one long blast, I am crossing to port. Of course, this is open to 
suggestion for some more approved method. The present three long blasts 
should indicate a tow; any number of short blasts, attention whistles. A great 
cause of complaint ia coastwise sailing vessels is the want of proper attention 
on the part of the masters to show the proper light or torch when being over- 
taken by a steamer. These matters should be so adjusted that the master of 
any vessel going contrary to the rules of the road, which compel him to go 
at moderate speed, or failing to show certain lights or take proper precaution, 
should be punished by fine or imprisonment or both, and be debarred from 
holding his position for a certain period. The rules of the road as they now 
stand in regard to lights, in my opinion as a mariner, as far as it may have 
weight, are now thoroughly understood, and any attempt to change, alter, or 
complicate the present system would not only jeopardize the vessels, but also 
imperil the lives of the crew and passengers, and retard rather than improve the 
present system. Enforce the existing laws, and I will venture to say there 
will be fewer collisions and less number of accidents and a greater degree of 
safety. 

The Secretary of the Treasury, upon representation of the masters, is too 
apt, from motives of clemency, to remit the fine and impose some light penalty, 
which only tends to encourage negligence. If they are guilty of an infraction 
of the law they should be fined the full amount, and thus by making examples 
of a few, all carelessness may be obviated. 
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RIGHT OF WAY AT SEA. 


How HAS A MERCHANT VESSEL TO ACT WHEN SHE MEETS A 
MANCEUVRING FLEET? 


[Translated from AMittheilungen aus dem Gebiete des Seewesens, Vol. XVI., No. 3, 
by Lieutenant-Commander E. H. C. Lreutzf, U.S. N.] 


The Supreme Court at Berlin has, some weeks since, decided a suit 
which has been pending for four years and which has been much 
talked about. It touches the question above stated. The interna- 
tional rules for avoiding collisions at sea do not, as is well known, 
give a fleet forming a tactical unit the right of way, neither has any 
country any law that gives its own war vessels such an advantage. 
As different German courts hold opposite opinions in this regard, we 
shall describe the case of collision and then quote several opinions. 

The case is as follows: The steamer Hohenstaufen, of the North 
German Lloyd in Bremen, left Bremerhaven on September 3, 1884, 
bound to Baltimore. The weather was fine, calm, with smooth sea. 
At 1.25 P. M. the pilot left the vessel, and the course was set W by 
N+N magnetic. The officers of the vessel were at their stations ; the 
captain, in charge of the deck at the time, being on the bridge, and 
the first officer with him. The second officer was at the wheel. 
When the course was set W by N3N, several men-of-war were in 
sight on the starboard side. They were steering a course almost at 
right angles to that of the Hohenstaufen, which would lead them 
across her course from starboard to port. When they were suffici- 
ently close, the order “‘ port” was given on board the steamer. 

The men-of-war in sight on the starboard side were the Baden, 
Wiirtemberg, and Sophie, and at a greater distance were others. The 
three named vessels were in column, steering SSW. The distance 
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(reckoned from mainmast to mainmast) between the Baden and 
the Wiirtemberg was 400 m., and that between the Wiirtemberg 
and Sophie was from 450 to 500 m. The nearest of the vessels 
farther astern was at least 1000 m. from the Sophie. The speed of 
the Baden and Wiirtemberg was 9 knots, and that of the Sophie from 
II to 13 (the accounts differ), so as to gain her proper distance, 
400m. The distance between the last two vessels was consequently 
decreasing. 

When the captain of the steamer gave the order “ port,” the first 
vessel, the Baden, was three points on the starboard bow. As soon 
as the second vessel, the Wiirtemberg, was opened on the port bow, 
the captain of the steamer gave the order “ steady,” evidently with 
the intention of passing between the second and third vessels, 7. ¢,, 
the Wiirtemberg and Sophie. The latter was at that moment three 
points on the starboard bow of the steamer and 450 m. from the 
Wiirtemberg. The captain of the steamer saw instantly that it would 
be dangerous to break through the line, and again gave the order 
“port” before the helm had been put amidships. 

It seems that this sheering to starboard of the steamer was not 
noticed on board the Sophie, and it was thought that the steamer was 
trying to cross her bow; her helm was therefore put to starboard 
without slowingdown. Suddenly, as the Sophie had fallen off to port 
about 10°, hercommander saw that the steamer had her helm a-port, 
and gave the orders “slow down,” “stop,” “‘ back,” and “ back full 
speed,” to the engine-room in quick succession, and the order “ hard 
a-port”’ to the wheel. 

In the meanwhile it was noticed on board the steamer that the 
Sophie was falling off to port, and therefore the orders “ starboard,” 
“ hard a-starboard,” and “ full speed astern” were given. The actions 
of the Hohenstaufen were indicated by the whistle according to the 
international rules. The vessels collided almost immediately after- 
wards, the steamer hitting the man-of-war on the port side abaft the 
fore-rigging at.an angle of 51°. 

The case was tried in the first and second instances by the Marine 
Board at Bremerhaven (Seeamt) and the Chief Marine Board (Ober- 
seeamt) at Berlin. In order to fix the amount of damages and the 
responsibility therefor the case was taken before the Provincial Court 
and Upper Provincial Court (Landes- and Oberlandesgericht) at 
Hamburg, and finally before the Supreme Court at Berlin. 

It seems that from the first instance the government commissioners 
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laid particular stress on the fact that the Hohenstaufen was in the 
presence of a manceuvring fleet. This is already touched upon in the 
opinion handed down by the Marine Board at Bremerhaven, which 
gave an exonerating sentence. The following is an extract of this 
opinion: “ We find the laws that govern the case in question in 
Articles 16, 18, 22, and 23 of the already quoted decree of January 7, 
1880. These laws are equally binding on merchant vessels and on 
men-of-war. Special laws that give men-of-war advantages are not 
in existence. The application of these laws does not admit of any 
change when several men-of-war are combined in a fleet, as they take 
cognizance only of the manner of handling single vessels when 
meeting, and do not recognize a squadron as a unit that is to be given 
peculiar advantages. It is therefore impossible to blame Captain 
Winter of the Hohenstaufen, or criticise his action as contrary to 
existing regulations, because he undertook to cross the column 
between single vessels.” 

The Chief Marine Board at Berlin, however, reversed the above 
decision. We quote as follows: “ Up to the present the case has 
been judged only from the standpoint that H. M. ship Sophie was a 
vessel acting singly. Actually the corvette entered into the compo- 
sition of a squadron, and had previously to shape her actions 
according to the order of the squadron commander. The evolu- 
tions, for practice, of such a squadron are ordered by high authority, 
and are an integral part of an important public measure—the readi- 
ness for war of the empire. Itis everybody’s duty to respect and 
not to disturb such practices of the military power. Captain Winter 
not only lost sight of this duty, but also showed his want of discern- 
ment in not recognizing that at any moment the squadron com- 
mander might give an order which would make his plans for avoiding 
collision dangerous to his own and other vessels. With a little 
thought he ought to have seen that a vessel should keep at a reason- 
able distance from a manceuvring squadron to avoid accident, and 
that an attempt to cross a column of fast-moving men-of-war is an 
indiscreet risk of human life. The fact that Captain Winter did not 
know that the Sophie was obliged, under squadron orders, to close in 
her distance from H. M. S. Wiirtemberg from 500 m. to 400 m. was 
actually instrumental in causing the collision; for had he known it, 
he would hardly, even momentarily, have decided to pass between 
the two vessels mentioned.” 

It seems therefore that there would be every reason for depriving 
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Captain Winter of his certificate, for being wanting in the qualifi- 
cations necessary for exercising the profession of a seaman, were 
it not for two circumstances that allow a less severe judgment, 
As the second mitigating circumstances, it is mentioned that the 
captain had never served in the Imperial Navy, and consequently 
had no idea of the problems and manner of performing fleet evolu. 
tions, and the serious consequences that a disturbance of such 
exercises may cause. 

The Upper Provincial Court at Hamburg, which also acquitted 
the captain of the Hohenstaufen, opens its opinion with a criticism 
on the above decision. It says: “In judging this case, we start with 
the principle that the international rules for avoiding collision at sea, 
which are contained in the decree of January 7, 1880, make no differ- 
ence between men-of-war and merchant vessels, and do not recognize 
a fleet as a unit that is to be treated like a vessel sailing alone, 
Neither are there any other laws or customs that require from 
masters of merchant vessels a special mode of procedure when 
meeting war vessels. This principle was acknowledged by the 
plaintiff side, by the declaration that in relation to the international 
rules of the road, vessels of the Imperial Navy do not claim any 
privileges. This declaration cannot be reconciled with the opinion 
that in the meeting of the vessels in question, the corvette Sophie 
had previously to shape her movements according to the orders of 
the squadron commander, that consequently the master of the 
Hohenstaufen should have recognized that at any moment an order 
unknown to him might frustrate his plans to avoid collision and 
jeopardize his and other vessels. This was in nowise to be feared, 
and therefore should not be taken into consideration. For as soon 
as the Hohenstaufen and Sophie came into position where the appli- 
cation of the international rules became necessary, both commanders 
had not only to be guided, but to be guided exclusively by these 
rules. Captain Winter was justified, without any further thought, in 
assuming that from the moment that he recognized his duty accord- 
ing to Article 16 to change his course to starboard in order to avoid 
the crossing men-of-war, said men-of-war should not have performed 
any evolutions, but have held their course, according to Article 22, 
until clear of the Hohenstaufen. In the absence of any law or 
custom, it cannot be expected from masters of merchant vessels to 
treat a squadron of war vessels differently from a number of merchant 
vessels that happen to be sailing together. Masters of passenger, 
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freight and mail steamers are always required to proceed with the 
utmost dispatch and promptness, and it certainly cannot be demanded 
of them that on a frequented route, and when pursuing a set course, 
to shape their actions by any other considerations than those required 
by the law of all vessels, either to give way or to hold their course. 
For instance, they cannot be expected to bear in mind not to deprive 
a vessel in a squadron of temporary freedom of action. There is 
therefore no justification for the assertion of the plaintiff that (in spite 
of the admission that no difference is made in the rules of the road 
between vessels of the Imperial Navy and merchant vessels) Captain 
Winter is to be blamed for getting into a position where, in relation 
to a single vessel of a squadron, he had to obey Article 16, and for 
bringing the Sophie in a position where he must expect her to obey 
Article 22. A new principle, giving a manceuvring squadron undue 
privileges, is formulated when masters of vessels meeting such a 
squadron are required not to shape their actions according to the 
international rules of the road and general nautical considerations. 
In deciding the question of guilt in this case, only such rules are 
admissible as are applicable to colliding steamers. All claims of the 
plaintiff arising from the fact that the Sophie was part of a man- 
ceuvring squadron are of no value in this suit, and cannot be taken 
into consideration in giving judgment.” 

The Supreme Court pronounces decidedly in the sense of the 
Berlin Marine Board, and remarks as follows: “ The opinion is 
wrong that the Court of Appeals states on sheet 23, etc., that the 
decree of January 7, 1880, does not recognize the idea of a squadron 
that has the right of way as a complete unit. The point is not how 
a single vessel has to behave when there is danger of collision. It is 
the opportunity of collision that Captain Winter ought not to have 
brought about. And in this respect we thoroughly concur in the 
opinion of the Chief Marine Board, that masters of vessels ought, if 
possible, to remain at such distance from a manceuvring squadron that 
any sudden order of the squadron commander cannot frustrate their 
plans and jeopardize their own and other vessels. It is not to be 
taken into consideration that the observance of this precautionary 
measure is impracticable because the navy might thereby put obsta- 
cles in the way of trade, or that a much frequented marine highway 
should be blocked by a fleet for any length of time. The appellants 
themselves cite par. 33, Art. 4, of the instructions of squadron com- 
manders, in which the placing of such obstacles are from the beginning 
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prohibited. In the present case the squadron steamed in close order 
towards the mouth of the Jade. It could have been a matter of only 
a few minutes to the Hohenstaufen to let the whole squadron pass 
her, and less time still to pass between the third and fourth vessels, 
which had considerable distance between them.” 

The decision of the Supreme Court created quite a sensation in 
professional circles for two reasons: First, because the Hanseatic 
Upper Provincial Court enjoys a great reputation on nautical ques- 
tions, and because it has always been the custom to lay great stress 
on its decisions ; second, because the Supreme Court does pronounce 
in a more or less formal manner that the merchant vessel has to 
respect a squadron. It seems to us, however, that from a legal and 
professional point the case is not so easily disposed of, and that the 
decision of the Supreme Court has not enough foundation. 

It also seems to us that the decision of the Upper Provincial Court 
is not sufficiently explicit. To the opinion of the Hamburg Marine 
Court should have been added that it was a question of international 
law, a fact that seems to have been overlooked both by the Upper 
Provincial and the Supreme Courts. It might be possible to exact 
some consideration from merchant vessels of one’s own nation 
(though even this is not founded on law), but none at all from foreign 
flags. Had the Hohenstaufen been a foreign merchant vessel, the 
opinion of the Berlin Chief Marine Board would have been without 
foundation, and therefore equally without foundation for a German 
vessel, because the case has to be judged according to an inter- 
national law in which there is no question of the colliding vessels’ 
nationality. 

A dangerous precedent, which can have evil consequences, is 
established by the fact that the Supreme Court of Berlin affirmed the 
decision of the Chief Marine Board. Let us assume, for example, 
that the case of the Hohenstaufen should be repeated under the 
following circumstances, 7. ¢., suppose she had been a German man- 
of-war on an important mission, where every moment was of the 
greatest consequence: who should give way? Whois to judge which 
is the more important mission, that of the single vessel or that of the 
man-of-war? Generally speaking, as soon as a precedent is estab- 
lished, many doubtful cases arise. Suppose, for instance, the steamer 
had been a yacht with the high, or the highest personages on board: 
should she then let the entire squadron pass her? And how should 
two squadrons or two divisions of squadrons act were they to meet? 
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Such considerations are not tenable in international intercourse, and 
are in fact impossible to be observed, and should not be demanded. 

It has not yet been taken into consideration in the supposed cases 
that the collision took place at sea, how a vessel should act were she 
suddenly to meet a squadron when rounding a point, or while she 
was Clearing danger, or when running into the entrance of a channel. 

It would seem that the decisions of the Chief Marine and the 
Supreme Courts have created a flaw in international law that might 
bring about the most serious consequences, and for that reason these 
decisions have caused a sensation in professional circles, and have 
given rise to very decided expressions of opinion. 

The editor of the A/itthei/ungen thinks that this flaw has not been 
created, but has been and is in the international rules of the road. 
Merchant vessels will always demand that squadrons of fleets shall 
not become an obstacle to trade, while on the contrary, men-of-war 
will always demand that they shall be disturbed as little as possible 
by merchant vessels in their squadron evolutions. It is an interna- 
tional question that cannot be settled by one side, but only by an 
international convention. 
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NOTES ON THE LITERATURE OF EXPLOSIVES.* 


By CHARLES E. MUNROE. 


No. XX. 


From the Annual Report of the Chief of Engineers, U.S. A., page 
353, part 1, 1888, we learn that a series of experiments was made at 
Willets Point by Major King, to ascertain the form and dimensions 
of the craters produced by different charges of explosives fired at 
various depths below the surface of the water. 

These experiments were in continuation of some investigations 
made by him twenty-three years ago, when the first recorded attempt 
was made to measure the force of submarine explosives. 

The apparatus consisted of a wooden frame 15 feet by 18 feet 
square, with a thin iron ring just below the center; this ring being held 
in position by 16 radial wires, making angles of 224 degrees with each 
other, and having their outer ends attached to the wooden frame. 
Upon each wire was placed a small sliding block of hard wood 2 
inches in diameter at the end towards the ring and much smaller at 
the outer end, the length of the blocks being 4 inches and their 
density about the same as that of water. A small piece of rubber 
tubing was placed on the wire outside each block, the object being to 
record the distance to which the blocks were forced outward by the 
explosion of the charge, which was placed in the center of the ring. 


*As it is proposed to continue these Notes from time to time, authors, pub- 
lishers, and manufacturers will do the writer a favor by sending him copies 
of their papers, publications or trade circulars. Address 7Zorpedo Station, 
Newport, R. 1. 
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The charges were inclosed in paper cartridges coated with paraffine, 
and were exploded with platinum fuzes containing only a little 
granulated gun-cotton instead of the usual priming of mercuric ful- 
minate. The charge was generally of musket powder, only a few of 
dynamite having been tried. 

The frame containing the ring and charge was lowered vertically 
into the water to the desired depth, and after firing, the charge was 
raised and the distance to which the sliding blocks were forced back 
was carefully measured and plotted. Ina few cases the water ap- 
pears to have leaked into the charge and somewhat reduced all the 
indications of that round ; but, on the other hand, as nothing could 
have caused any excess in the result, it is safe to assume that the 
maximum set of indications for a given charge were very nearly 
correct. 

Although but few experiments were made, the following conclusions 
were thought to be warranted : 

When a charge of either gunpowder or dynamite is fired under 
water, a large volume of water is displaced, forming a crater or cavity, 
spheroidal in general shape and varying in size according to the 
weight, nature of charge and depth in the water. 

There appears to be a strong tendency to retain the spheroidal 
form, even when the depth below the surface of the water is consid- 
erably less than the line of least resistance that would give a “ common 
mine crater” in ordinary earth with the same charge. 

Charges exploded near the surface give larger craters and greater 
depressions below the center of the charge than those fired at greater 
depths. 

While the surface of the cavity formed by the explosion is gener- 
ally quite regular in form, there are frequent exceptions to this rule, 
which indicate that for some reason the expanding gas sometimes 
sends out small jets to a considerable distance beyond the general 
surface of the cavity. These jets are sometimes downward, but 
oftener in an upward direction, as would be expected. 

By standing on a wharf nearly over the smaller charges when 
they were fired, it was noticed that the inflamed gas formed a well- 
defined ball of fire, and by means of photography some tolerably 
successful efforts have been made to catch a view of what takes place 
at the very instant of explosion. 

The action of dynamite in forming a crater seems to be quite simi- 
lar to that of musket powder, though, of course, a much smaller 
charge produces an equal cavity. 
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A few experiments were made with paper disks secured to a large 
iron ring, which was used in the same way as the crater-gauge 
already described for getting the form and size of the cavity formed 
by the explosion of small charges of powder and other explosives 
under water, but no satisfactory results have been obtained, as the 
paper manifested a disposition to tear out radially in such a way as 
to make it uncertain how much of the effect was due directly to the 
explosion and how much to the action of the water. 

The report is illustrated with drawings and charts. 


Experiments were made at Fort Lafayette, January 19, 1889, to test 
the new pneumatic dynamite gun. Two rounds were fired, one of 
which contained 300 pounds of explosive gelatine and 200 pounds of 
dynamite, but, according to the Providence Journal of January 20, 
1889, both fell from 240 to 300 yards away from the target. The 
experiments were resumed January 26, eight rounds being fired at 
an imaginary rectangular target, 150 x 50 feet, placed at a distance of 
one mile. The gun was a 15-inch one, but the projectiles were sub- 
caliber, battened with wood and rubber so as to fit the bore. One of 
the shells contained 201 pounds of explosive gelatine and dynamite, 
the latter being a small proportion ; the rest contained 175 pounds of 
explosives each, of which fifty per cent was dynamite. Four of the 
eight shells missed the target, one of which broke up in the air shortly 
after leaving the gun, while another apparently failed to explode until 
it had touched bottom.—(W. Y. Herald, January 27, 1889.) 

The report of the Naval Board on the trial of this gun appears in 
the Army and Navy Journal 26, 547-548; 1889, together with the 
endorsement of the Secretary of the Navy. Twenty-four rounds 
were fired January 19, 26 and 31, part of the shells being loaded with 
explosives and part with sand, the object being to demonstrate the 
capacity of the gun to throw 200 pounds of high explosive between 
the limits of at least a mile and 200 yards, grouping 50 per cent of 
the shots of each series in a target 150 feet long by 50 feet wide. 
Through some error, the dynamite provided was of less density than 
had been specified when the sub-caliber projectiles were designed, 
and they were found to hold but about 170 pounds of the explosive. 
However, in firing these same projectiles for range from the same 
15-inch gun, one containing 220 pounds of sand was thrown to a dis- 
tance of 1.75 miles; a second containing over 200 pounds of explos- 
ive gelatine was thrown 1.19 miles, and a full-caliber projectile contain- 
ing 500 pounds of sand was thrown to within 50 feet of one mile. 
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As regards the accuracy of fire, the Board reports that from the 
experiments it appears “that projectiles either carrying or capable 
of carrying 200 pounds of high explosive were thrown to distances 
varying from 1? miles to 90 yards, and that, at the ranges selected for 
grouping, viz. 2100 yards, 1700 yards and 360 yards, not less than 
one-half of the projectiles fired fell in the same standard target with 
the trial shot.” 


In the same number of the Army and Navy Journal, 560-561, is 
an abstract from the Congressional Record of amemorandum inserted 
by the Hon. Eugene Hale, on the U. S. S. Vesuvius, in which, after 
giving an historical account of the vessel and her armament, and 
drawing a comparison between her and foreign torpedo-boats as re- 
gards size, speed and the like, he says: “ With regard to the rela- 
tive effective power of these vessels as compared with the Vesuvius, 
it is necessary to revert to the comparison heretofore made between 
the effective zones of locomotive and aerial torpedoes respectively. 

‘ All of the European torpedo-vessels being armed with locomotive 
torpedoes, it follows that their effective zones must be limited by the 
sure striking range of those missiles, which has been demonstrated to 
be about 600 feet in still water. What they would do in a heavy sea 
is still entirely a matter of conjecture, whereas the effective range of 
the aerial torpedoes of the Vesuvius has been demonstrated by official 
trials in the harbor of New York to be more than one nautical mile, 
and effective shots have been made up to gooo feet, or a mile and a 
half. In short,so far as range and accuracy are concerned, there can 
be no common ground of comparison between torpedoes thrown 
through the air by a constantly controllable force, and torpedoes 
launched in the water to make the best of their way without further 
control or guidance. 

“The following comparative statement shows more clearly the 
relative powers of these different types: 

‘“‘ Vesuvius.—Number of torpedoes, 30; maximum weight of each, 
500 pounds of explosive ; effective range, 6000 feet ; rapidity of fire, 
three shots in two minutes. 

“ Tljin.—Number of torpedoes, 21; maximum weight of each, 180 
pounds of explosive; effective range, 600 feet ; rapidity, estimated 
once, in six minutes for each tube. 

“ Tripoli.—Number of torpedoes, 20. Other conditions as above. 

“Destructor.—Number of torpedoes, 15. Other conditions as 
above. 
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“ Sharpshooter.— Number of torpedoes, 20. Other conditions as 


above. 
“ Rattlesnake.—Number of torpedoes, 16. Other conditions as 


above. 
“ Bombe.—Number of torpedoes, 10. Other conditions as above.” 


The Newport News of April 4, 1889, states that on April 2 a pre- 
liminary trial of the pneumatic guns of the Vesuvius was made, in 
accordance with the agreement with the Government that before 
they are accepted they must have been fired five timesin ten minutes, 
and that at this trial ten blank shots were fired in eight minutes. 
Starting with her three guns loaded as for battle, the trial proved 
that the Vesuvius could fire eighteen shells, each containing 500 
pounds of explosive, in six minutes, or during the time which it 
would take her to steam 2} miles. 

In addition, the results of forty blank shots demonstrated that the 
valve mechanism is now so perfected as to controi the final air pres- 
sure, when the pressure in the reservoir is 1000 pounds, with great 
nicety. 

In the same journal of April 26, 1889, it is stated that on April 24, 
during a preliminary trial on board the Vesuvius to demonstrate that 
a two-hundred pound shell could be thrown to all ranges inside of 
two miles and at the rate of one shot in two minutes, an accident 
occurred which will delay the preparing of the vessel for sea. 

Three dummy shells were successfully fired, the range being a 
little less than one mile. A fourth shell was then inserted which was 
different from the first three, as it was a ten-inch sub-caliber cast-iron 
one weighing 500 pounds. It was placed in the middle of the gun, 
and when the gun was fired the shell went to pieces in the bore. As 
a result, the breech of the gun was badly wrecked and considerable 
damage was done to the mechanism, but nobody was injured. 


U.S. Letters Patent No. 397052, of January 29, 1889, have been 
granted Stephen H. Emmens for a“ gun and projectile for throwing 
high explosives,” in which gunpowder guns are utilized as propel- 
ling agents, by making the projectile, which is charged with high 
explosives, thimble-shaped, so that it may be slipped over the chase. 


Weare in receipt of a reprint from the Congressional Record of 
February 8, 1889, containing the remarks of the Hon. Levi Maish 
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in offering an amendment to the Army Appropriation Bill, which 
appropriates $15,000 for testing the plan proposed by Stephen H. 
Emmens for converting existing ordnance of the War Department 
into steel-lined torpedo howitzers for throwing high explosives, and 
to which Dr. Emmens’ memorial is attached. 

From this it appears that he proposed to convert the M. L. 15-inch 
Rodmans into B. L. torpedo howitzers by boring through the exist- 
ing breech and inserting a short lining tube of steel, which is fitted 
internally with an interrupted screw for the reception of a movable 
breech-plug, the construction of which constitutes the main featureof 
the converted gun. A central cylindrical hole extends through the 
plug, and other cylindrical chambers of larger diameter extend from 
the front of the plug rearwardly into its substance. These chambers 
contain the gunpowder forming the propelling charge, and a starting 
charge is placed in the central cavity, which is closed in the rear by 
a subsidiary breech-block carrying a firing-pin or other suitable igni- 
tion device. 

The torpedo to be fired from the gun is an elongated shell charged 
with high explosive, and having its base extended backward in the 
form of a stud which fits in the central cavity of the main breech-plug. 
Hence, when the starting charge is exploded, a relatively weak im- 
pulse is communicated to the torpedo, which commences to move 
forward at a moderate rate of speed, and then, immediately the stud 
leaves the central tube, the heated gas inflames the main portion of 
the charge in the surrounding chambers, and these burn from the 
front backwards, keeping up an evolution of gas which urges the pro- 
jectile forward throughout the whole length of the gun. 

By this device the shock of firing is reduced to a minimum, and a 
comparatively uniform pressure is maintained until the shot leaves 
the gun. It will also be obvious that by suitably adjusting the air- 
spacing of the several sections of the charge, and by properly selecting 
the character of the powder employed, the pressure may be fixed at 
10 tons per square inch or any other possible amount ; while owing to 
the front ignition of the main sections, the whole of the powder may 
be utilized instead of being blown out in a partially consumed state, 
as is almost invariably the case in guns of ordinary types. 

He proposes to use emmensite in his shell, and expects to be able 
with 115 pounds of powder to throw from these converted guns a 
shell containing 534 pounds of the explosive to a distance of three 
miles. 
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The New York World of January 22, 1889, devotes considerable 
space to the description of a method of defense of New York harbor 
in which petroleum is to be the active agent. It is proposed to lay 
a system of pipes along the shores of the Hook and Long Island which 
are connected with large reservoirs of petroleum and lead under 
water to the main ship-channels. The mouths of these pipes are to 
be closed by valves which are held in place by the pressure of the 
water, but which can be forced open by pressure applied to the fluid 
inside. The petroleum will thus be discharged into the water, where 
it will rise to the surface and be ignited by fire-balls, etc., which are 
thrown from the shore. It is hoped that the smoke produced will be 
sufficient to make navigation impossible, so that the vessels of the 
hostile fleet will destroy one another by collision, or that it will be 
dense enough to prevent them from using their guns, while they may 
remain sufficiently visible to serve as a target. 


On November 21, 1888, an explosion occurred on board the petro- 
leum-laden “ketch” United while lying in Bathurst Basin, Bristol 
Docks, England, which blew up the docks, killed three of the 
crew, threw the fourth into the water (whence he was recovered 
seriously injured), injured a policeman on the quay, shattered the 
glass in the windows about for a radius of ninety yards, and liberated 
and ignited the petroleum spirit, which destroyed the vessel and did 
further damage to the dock and the buildings about it. 

The circumstances attending the explosion were thoroughly inves- 
tigated by Col. V. D. Majendie, H. M. Chief-Inspector of Explosives, 
and made the subject of a special report to the Home Department. 
He found that the cargo consisted wholly of the petroleum desig- 
nated in the trade as “Pratt’s deodorized naphtha,” and commonly 
known as “ benzoline,” it being an exceedingly light, volatile liquid, 
having a specific gravity of .7034, and giving off inflammable vapors 
abundantly even at the freezing point of water ; that there were 310 
barrels of 40 gallons each in the hold, which was separated from the 
forecastle and cabin by 14-inch thick, close-joined (tongued and 
grooved) bulkheads without any openings whatever, though they 
were not air-tight ; and that the natural leakage from the cargo during 
the time it had been in the hold was sufficient to have rendered the 
atmosphere of the vessel between decks thoroughly inflammable. 

He found that there had been no attempt to conceal the explosive 
and inflammable nature of the cargo, but that on the contrary 
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everybody connected with the handling and transportation had been 
repeatedly warned not to have any fires, lights or matches about the 
vessel, and that a policeman had been stationed on the quay to see 
that the prohibition was enforced ; yet in spite of this, Col. Majendie 
was led to the conclusion that the explosion was caused by some one’s 
striking a match in the cabin, by which the inflammable vapor, which 
had reached that portion of the vessel, was ignited and immediately 
carried the flame forward to the hold. This conclusion is strength- 
ened by the fact that the master of the vessel exhibited considerable 
impatience at the restrictions placed upon him, and intimated that an 
unnecessary amount of fuss was being made about the cargo, as he 
had been used to carry dynamite and never had had so much fuss made 
about that, which showed that he failed to appreciate the fundamental 
distinction between a cargo of dynamite and one of petroleum spirit, 
viz. that in the case of the former an explosion from fire cannot take 
place unless fire be brought to the dynamite, while in the case of the 
latter the dangerous vapors will travel to a fire at considerable dis- 
tances and even through intervening bulkheads; so that, while one 
might have had fires and lights in the cabin without serious danger 
when dynamite was on board, yet with petroleum spirit in the cargo 
it was almost certain to lead to disaster. 

It was further found that the vessel itself was wholly unsuited for 
the use to which it had been put; for vessels in which the cargo in 
the hold consists wholly or partially of petroleum spirits or similar 
highly volatile and inflammable liquids, should have all cabins and 
galleys on deck, while the cargo should be battened down, and no 
one should be permitted below during the voyage. 

In the course of this investigation several interesting experiments 
were made. Thus Dr. Dupré showed that one volume of the liquid 
naphtha, such as was on board the United, would render 16,000 
volumes of air inflammable (one cubic inch to 9.2 cubic feet of air), 
or 5000 volumes of air strongly explosive, while it would render 3000 
volumes of air combustible but only slightly explosive. He found, 
too, that one volume of the liquid yielded 141 volumes of vapor at 
the ordinary temperature, so that one volume of the vapor would 
render 113 volumes of air inflammable and 35 volumes of air strongly 
explosive. 

From the experience at the largest petroleum stores in London, it 
was estimated that the normal rate of evaporation of such petroleum 
spirits when in sound barrels and good condition was about 16 per 
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cent per annum, which for the quantity on board the United would 
give a normal daily rate of six gallons, and this would be sufficient 
to render 5000 cubic feet of air explosive. 

To determine whether or not a mixture of petroleum vapor and 
air may be ignited by means of an ordinary spark, Dr. Dupré and 
Colonel Majendie repeatedly placed the incandescent end of a freshly 
extinguished wooden match in a jar containing the mixture, without 
firing it. When a flaming match was introduced, ignition or explosion 
invariably ensued. 

The same results followed when incandescent match-ends were 
introduced into a wooden box in which the evaporation of petroleum 
spirit had been established, while on all occasions the flaming match 
produced ignition. 

Showers of sparks from a flint and steel were repeatedly produced 
inside a box charged as last described without causing ignition, while 
pieces of red-hot coal were held over a small quantity of the petro- 
leum spirit which had been spilled on a wooden floor, and in one or 
two instances particles fell on the liquid also without causing ignition. 

A platinum wire was introduced into a jar of the mixture and 
heated by a current. So long as the wire was at a low or red heat 
no action ensued, but when the wire approached a white heat explo- 
sion invariably followed. 

Mr. Boverton Redwood has also made some experiments with 
mixtures of air and benzoline vapor which are interesting in this 
connection. He introduced some of the Japanese parlor fireworks 
(known as “ scintillettes ”) while they were emitting brilliant sparks 
but after they had ceased to flame, into a jar of this mixture, and the 
latter was not ignited, but it did ignite immediately on the applica- 
tion of a flame. Then he introduced a “fixed star” vesuvian (as 
used by smokers) immediately after it had ceased to flame, and while 
combustion was proceeding from the point to the head, into a similar 
jar of the vapor, and the incandescent mass remained in the vapor 
until it had cooled, but without igniting the vapor. Then he attached 
two fuzees or vesuvians (of the non-flaming description) to a wire, 
so that the tip of one was in contact with the head of another. He 
ignited the latter, and as soon as it had ceased to flame, he plunged 
them into a jar of the vapor, where they remained, while the com- 
bustion proceeded from the tip to the base of the first without effect ; 
but immediately that the combustion extended from the base of the 
one to the tip of the other and a fame was produced, the contents of 
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the jar were inflamed and exploded. Finally he allowed a stream of 
sparks from the fireworks known as “ Golden Rains ”’ to fall intoa 
jar of the vapor, and again no ignition ensued. 

These experiments may be performed with a mixture of one 
volume of the liquid to 6000 volumes of air, this being found to be 
the most explosive mixture. 

As is customary in these admirable reports by Colonel Majendie, 
he gives here a résumé of the more important instances of similar 
accidents which are on record, and it is interesting to note how com- 
paratively slight the damage done by the oil burning upon the water 
is and how easily its spread is arrested. Thus in the case of the 
United, though another vessel which was not more than 40 feet to 
windward from her was surrounded by flames from the burning 
spirit, yet she escaped unharmed, and the flow of the spirit was 
arrested by means of booms. 


Through the courtesy of M. P. F. Chalon we have received a copy 
of a trade pamphlet of some 40 pages, entitled ‘‘ The New Explosive, 
Bellite,” which contains the reports of tests of this explosive made 
at different times by the Association of Chemists at Stockholm, 
Lieutenant C. O. Nordahl, Professor P. T. Cléve, P. F. Chalon and 
A. W. Cronquist, together with various press notices of its use, all 
of which tend to show the great efficiency, permanency and safety 
of the explosive. 

Among the more striking of the experiments described is that of 
heating the explosive in a covered platinum crucible by means of a 
blast-lamp, when the explosive burnt away with flame, but without 
explosion; and that of igniting a portion which was placed in a 
mixture of sulphur and potassium chlorate, where it also burnt 
without explosion. Other experiments given in the pamphlet have 
already been cited in these Notes.* 

Chalon states in his report that bellite consists of ammonium 
nitrate five parts and dinitrobenzene one part; that it is offered both 
in the form of powder and of compressed cartridges, is of a yellowish 
color, almost dry to the touch, and resembles ammonium nitrate in 
smell and taste. 


On February 5, 1889, an experimental exhibition of the properties 
of bellite was made at Wangey Hall Farm, Chadwell Heath, Eng- 


* Proc. Nav. Inst. 13, 247-248 and 579-581 ; 1837. 
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land, in the presence of a large number of visitors, an account of 
which is given in the Engineer 77, 116-117 ; 18809. 

The inventor claims for bellite the following advantages: 1, That 
bellite is one of the most powerful explosives known; 2, that it is 
more powerful than either gun-cotton, dynamite, or gunpowder ; 
3, that it possesses qualities of safety entirely foreign to explosive 
substances generally; 4, that bellite presents no danger whatever 
in manufacture; 5, that it cannot be made to explode by friction; 
6, that it cannot be made to explode by shock or by pressure; 
that it cannot be made to explode by electricity or by lightning; 
, that it cannot be made to explode by fire; 9, that it cannot be 
made to explode by any means except by the aid of a detonating 
cap, and is therefore absolutely safe; 10, that on being exploded, 
no noxious gases are given off, as is the case with dynamite and all 
nitroglycerine compounds; 11, that bellite made expressly for coal 
or rock blasting does not shatter like dynamite, but forces the coal 
or rock out in larger blocks, making but a very small percentage of 
dust; 12, that it does not undergo any chemical change from time 
nor from atmospheric influences, always retaining its non-explosive 
character until the fulminating cap is applied to it; 13, that it can be 
used in shells that would prove of a terribly destructive character. 
Dynamite cannot be so applied, as the concussion produced by 
ignition of the gun-charge would be liable to explode the shell and 
burst the gun. Bellite shells, however, may be fired without any 
such risk, thus solving the problem of firing high explosives from 
ordinary guns, hitherto an impossibility. 14, That bellite can be 
manufactured in tropical climates, which is not possible with dyna- 
mite; 15, that it can be transported by land or sea with perfect 
safety, being carried in Sweden as ordinary merchandise; 16, that 
it requires no thawing in the coldest weather, like dynamite, con- 
sequently much time is saved; 17, that it can be profitably sold at a 
lower price than dynamite or any other nitroglycerine compound. 
At present there are about 60 factories in Europe making dynamite 
and similar compositions, producing annually 40,000,000 pounds. 

1. The programme was commenced by firing a charge of 14 pounds 
of bellite in a can under water. As the bellite was enclosed in a 
water-tight case, there was nothing in this test to notice. 

2. A bellite 4-ounce charge—which somewhat resembles a stick of 
sulphur with a perforation at one end—was broken in two, the solid 
end being thrown into a coal fire, where it melted and burnt without 
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attracting notice, and the perforated end being exploded by means 
of a fuze and detonator, on #-inch boiler plate, which it bulged. This 
illustrated the fact that bellite will not explode by ordinary combus.- 
tion, while its action on ignition by a detonator is very powerful. 

3. An iron 120-pound weight was dropped from a height of about 
16 feet on five charges of bellite laid on an iron plate. The first blow 
not being quite end on, this was repeated, when the bellite was 
crushed to powder without explosion. 

4. The crushed bellite thus produced was then placed in a tin 
which held 5 ounces, and fired by a detonator in contact with an old 
S. E. R. iron steel-faced rail, which was fractured. This illustrated 
the power of bellite to resist explosion under a blow when in contact 
with iron. 

5- In a hole 3 feet deep was buried 1 pound of blasting powder 
mixed up with naked bellite cartridges or charges, and the powder 
fired by a plain powder fuze, when the bellite was thrown about and 
blackened, and the surface burnt in places, but apparently none of it 
was exploded. 

6. A charge of bellite was fired like a bullet from a small-arm, 
“No. 8,” 4%-inch bore, against a #-inch boiler plate. Bellite was 
found in small pieces adhering to the face of the plate unexploded. 

7. The propelling power of bellite was next shown by the following 
experiment: A 32-pound shot was discharged from a short mortar, 
first by a charge of 4 pound of powder—Curtis and Harvey’s—and 
then by + pound of bellite. In the former case the shot fell at 404 
yards from the mortar, and in the second at about 95 yards, illus- 
trating the great superiority of bellite over the double weight of 
powder fired under these conditions for propulsion. 

8. Charges of dynamite and bellite, 4 ounces each, were placed on 
similar 4-inch boiler plates, and after being covered with clay, which 
was pressed over them, were fired. The effects were very nearly 
identical in this case. It is, however, said that experience has shown 
that the injury effected by dynamite is generally more local, and that 
of bellite more distributed. 

9. The fuzes of mines in the earth charged with gunpowder and 
bellite were now ignited. The powder exploded, but the bellite 
fuzes failed. 

10. A charge of 8 pounds (10s. worth) of bellite which had been 
buried 3 feet beneath a length of 60 feet of railway line laid in chairs 
fixed in cross sleepers with fishes, etc., complete, was now exploded by 
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the usual detonating fuze. The entire structure for many feet was lifted 
high in the air, the rails being both broken through in one place, while 
one rail was bent at some feet distance from the point of fracture, the 
fishes of the other rail being broken through at a nearly equal dis- 
tance. The sleepers were torn and split and one chair broken. A 
crater was opened in the ground about 12 feet in diameter. 

Some of its properties were necessarily not tested ; for example, its 
freedom from all flame and the harmless character claimed for its 
products of combustion. Then, again, its power to explode when in 
contact with water was not exhibited. It may be noticed, in addition 
to what has been mentioned above with regard to the thirteenth 
claim put forward by the inventor, namely, its suitability for bursting 
charges of gun shells, that a delay-action arrangement has been 
devised to enable steel shells to perforate armor before explosion 
takes place. 


In a lecture on “ Blasting Gelatine and Bellite,” given before the 
Philosophical Society of Kilmarnock by J. Guthrie Kerr, the lec- 
turer stated that blasting gelatine (nitroglycerine 97 per cent and gun- 
cotton 3 per cent) was 50 per cent better in explosive effect than dyna- 
mite. It is entirely unaffected by water, and cartridges which have 
been immersed for seven years have at the end of that time devel- 
oped their full power when detonated. Gelatine dynamite (blasting 
gelatin 80 per cent, wood-meal and saltpeter 20 per cent) is largely 
used in fiery mines in England as the charge in Settle’s application 
of Abel’s water shell.* This consists of a rubber bag filled with water, 
with the gelatine-dynamite cartridge held in place in the middle by 
tin supports. This cartridge requires large bore-holes, which is a 
disadvantage and expense, and hence bellite has been proposed for 
use in these mines, it being claimed to be 30 per cent stronger than 
dynamite, absolutely safe for transport, and flameless. As regards 
this last claim there seems to be a want of evidence as to the effects 
of other than comparatively small charges under favorable condi- 
tions. In the meantime the claim could not be considered as made 
good, whatever the promise might be. Compared with blasting 
gelatine, it is inferior so far as concerns the power of withstanding 
water, as might be inferred from the presence of such a large propor- 
tion of nitrate of ammonia. If as a protection against water it be 


* Proc. Nav. Inst. 14, 766; 1888. 
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covered with a water-proof mixture, it becomes less adapted for 
filling holes.—( Jour. Soc. Chem. Jnd. 8, 213; 1889.) 


In view of the attention which the nitro substitution compounds 
are now receiving, U.S. Letters Patent No. 157143, dated November 
24, 1874, which were granted C. W. Volney for “ Volney’s Powder,” 
may prove of interest. 

His invention consists in mixing nitrated naphthaline with an oxi- 
dizing agent, the nitrated naphthaline being obtained by the action of 
nitric acid upon naphthaline. The result of this treatment is a yellow 
substance consisting of mono, di, tri, or tetra nitro-naphtkhaline, in 
which one or more atoms of nitrogen-tetroxide are substituted for 
the corresponding number of hydrogen atoms. Strong nitric acid 
and high temperature will produce the higher nitrated bodies, as di 
and trinitro-naphthaline. From weaker acid and lower temperatures 
mono and dinitro-naphthaline will result. 

All these different nitro bodies will form useful explosive com- 
pounds when mixed with equivalent quantities of an oxidizing agent, 
which can supply sufficient oxygen to oxidize the surplus of carbon, 
more or less oxygen being furnished by the nitrogen-tetroxide of the 
nitro-naphthalines ; and it follows that the higher the naphthaline has 
been nitrated the less of the oxidizing agent will be needed, but the 
greater will be the breaking power of the explosive compound. 

This quality he makes use of to prepare powders of different 
strength in the following manner: To prepare an explosive of great 
breaking power for the filling of torpedoes, submarine blasting, blast- 
ing of hard rock, etc., he treats naphthaline with strong nitro-sulphuric 
acid (two parts sulphuric acid of 1.84 specific gravity and one part 
nitric acid of 1.5 specific gravity) at a temperature of 212° Fahren- 
heit. One hundred pounds of naphthaline require four hundred 
pounds of this acid. The reaction is finished in one hour. All the 
naphthaline is then converted into a yellow crystalline mass, which is 
thoroughly washed with water, dried, and pulverized. It consists 
mainly of di and trinitro-naphthaline, and he calls it, for this purpose, 
“ Nitrated Naphthaline No. I.” 

A good blasting powder of great breaking power is obtained by 
thoroughly mixing the following substances: 2.18 pounds nitrated 
naphthaline No. I, 0.19 pound saltpeter, 0.16 pound sulphur. 

To prepare an explosive of less breaking power, which is therefore 
better adapted for military purposes, blasting in soft and fissured 
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rock, as gypsum, limestone, etc., he incorporates one hundred 
pounds of naphthaline into four hundred pounds of nitric acid of 1.40 
specific gravity, leaving these substances in contact for four or five 
days. The naphthaline is converted into a brown crystalline mass 
which is washed with water, dried, and pulverized. It consists 
mainly of mono-nitro-naphthaline. He calls it, for this purpose, 
“ Nitrated Naphthaline No. II.” ; 

The required explosive compound is formed by mixing thor- 
oughly 1 pound nitrated naphthaline No. II, 3.30 pounds saltpeter, 
0.51 pound sulphur. 

All these substances can be pulverized, mixed, and treated in the 
same manner as the substances used for and in the manufacture of 
common blasting or gunpowder. Instead of saltpeter any other 
nitrate, or any chlorate, as sodium nitrate, potassium chlorate, may 
be used. 

The powders prepared in this manner are of a yellow color. Fric- 
tion or concussion will not ignite or explode them. In unconfined 
packages, if brought in contact with fire they will ignite and burn, 
but not explode. Before commencing thus to ignite, the powder 
will first partially melt and then burn. 

To effect an explosion when desired, caps with mercury fulminate, 
or asmall addition of gun-cotton or nitroglycerine, must be used. 
The heat and concussion instantaneously developed by these bodies 
in their explosions will explode these powders. The same may be 
used with or without confinement, but the powder No. II should not 
be used without confinement or tamping. 

Their indifference to friction, concussion, and heat under all cir- 
cumstances render their handling and transportation safe. Their 
effective labor is very great. 

He claims as his invention the explosive compound composed of 
nitrated naphthaline, substantially as described, and an oxidizing 
agent prepared in the manner and substantially in the proportions 
and for the purposes set forth. 


U. S. Letters Patent No. 397095, January 29, 1889, have been 
issued to Rudolf Sjéberg for a blasting compound, the chief ingre- 
dients of which are an ammoniacal salt, a hydrocarbon, and chlorate 
of potash, the ammoniacal salt to be either the nitrate or oxalate. If 
the nitrate is used, a part ofit is replaced with carbonate of ammonia. 
The hydrocarbon used is non-nitrated, and may be partly in the liquid 
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and partly in the solid form, or wholly solid. For the liquid hydro- 
carbon he preferably uses the so-called “ Astral Oil,” and as the solid 
hydrocarbon naphthalene, though other similar hydrocarbons, such 
as paraffine, may be used, observing only that the liquid hydrocar- 
bon should be of such a kind as does not easily evaporate ; hence 
benzene is not suitable. 

The preparation or manufacture is as foliows: The salts to be 
used should be finely pulverized, and must be well dried so as to be 
free from hygroscopic moisture. The solid hydrocarbon is first 
melted, and may be used alone, but is preferably mixed with the 
liquid hydrocarbon, being heated sufficiently for the purpose. This 
mixture is then divided in two unequal parts; one part, say about 
two-thirds, and the other part one-third of the whole. After this the 
ammoniacal salt, either in the form of nitrate or nitrate and carbonate, 
or in place of these the oxalate, is added to the larger part of the 
hydrocarbon mixture and carefully mixed with it by stirring. Chlor- 
ate of potash is similarly mixed by stirring with the smaller part of 
the hydrocarbon. The mixtures thus obtained are then mixed with 
each other, after which the blasting compound is ready. 

The following is an example of the proper proportions for the 
ingredients: Fifty parts nitrate of ammonia, five parts carbonate of 
ammonia, ten parts liquid hydrocarbon, five parts solid hydrocarbon, 
and thirty parts chlorate of potash; or fifty parts oxalate of am- 
monia, ten parts liquid hydrocarbon, five parts solid hydrocarbon, 
and thirty-five parts chlorate of potash. 

The proportions of the ingredients may, of course, be varied 
according to the purpose for which the compound is intended to be 
used, whether for blasting or for artillery service, etc. The following 
will serve as an example for such variations: Thirty to sixty parts 
nitrate of ammonia, one to five parts carbonate of ammonia, five to 
twenty parts liquid hydrocarbon, one to ten parts solid hydrocarbon, 
and five to thirty-five parts chlorate of potash. 

It is claimed that this blasting compound cannot be exploded ex- 
cept within rigid enclosures, such as shells or other projectiles, or a 
hole bored in a rock, and then only by the use of a so-called “ dyna- 
mite percussion-cap.” In bored holes the percussion-cap is exploded 
by a fuze; but the blasting compound cannot be exploded by a fuze 
alone, the latter only being used to explode the percussion-cap ; nor 
can it be exploded by concussion, such as blows against iron or stone. 
It will not freeze. It cannot be exploded by ramming it in a bore- 
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hole, nor by the application of flame ; but it may be ignited, in which 
case it will burn very slowly. It may be heated up to and above 
100° C. without danger of explosion. Ifa fuze is applied to ignite it 
without the use of the percussion-cap, the fuze will burn out without 
igniting the powder. In order to be exploded it must be placed 
within a rigid enclosure, as before stated ; it will not explode when 
placed loosely upon a rock. It will not explode under any circum- 
stances in the open air, even if a dynamite percussion-cap is used ; 
nor will it explode if thrown upon a red-hot iron plate, nor in a cart- 
ridge, unless the latter be placed within a rigid enclosure out of con- 
tact with the air, as when used in bombs or other projectiles, or in a 
rammed bore-hole, and then only by a percussion-cap ignited by a 
fuze or by electricity. 

The letters patent claim as new: 

1. “A blasting compound consisting of oxalate of ammonia, a non- 
nitrated hydrocarbon, as naphthalene, and chlorate of potash, sub- 
stantially as set forth. 

2. “A blasting compound, consisting of oxalate of ammonia, a 
liquid non-volatile hydrocarbon, as astral oil, a solid hydrocarbon, 
as naphthalene, and chlorate of potash, substantially as hereinbefore 
set forth.” 


In Ding. Poly. Jour. 270, 215-223; 1888, O. Guttmann says that 
greater attention has of late been directed to the electrical phenomena* 
so often observed during the process of manufacturing gunpowder, but 
concerning which no safe conclusions have been arrived at, owing to 
the absence of the evidence of reliable observers. 

The most important and also the most common occurrence is the 
accumulation or attraction of atmospheric electricity during storms. 
The buildings of explosive works, as a rule, are detached and often 
in elevated positions. In England it is prescribed that the lightning 
conductor should be fixed on fo the building itself. In other 
countries it is considered sufficient to attach the lightning conductor 
to a high staff near to the building, and we are of opinion that the 
buildings in question are afforded more protection. In many cases 
the lightning conductor has been known to favor the discharge of 
electricity, and it is suggested that an explosion of a powder magazine 
at Salonica occurred in this way. 


* Proc. Nav. Inst. 12, 181-182 and 423-424; 1886. 
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As regards the machinery in the buildings, precautions should be 
observed against the accumulation of atmospheric electricity as well 
as from other sources, more especially in the manufacture of explo- 
sives of which sulphur is a constituent. In the powder works of W, 
Giittler the sulphur mills are connected with the earth so as to carry 
off the electricity, and since this arrangement has been introduced 
the sulphur has never fired, it being previously a matter of constant 
occurrence. 

In another large powder works in Germany not long since an 
explosion occurred in the press-house after a storm. The powder was 
between ebonite plates and under pressure before the commence- 
ment of the storm. When the storm had ceased, a workman released 
the pressure and proceeded to separate the cakes from each other. 
According to a statement made by him before his death, a spark 10 
centimeters in length was discharged into his finger as he was in the 
act of lifting one of the cakes. 

W. T. Reid has observed that warm air passing over nitro-cellulose 
generates electricity in considerable quantities. The generation of 
electricity has been observed in other industries during manufactur- 
ing processes, and several instances are quoted ; but, according to 
the author, no instance has come to his knowledge which is of im- 
portance or which has caused immediate danger. 

The author considers that the extensive application of rubber, 
ebonite, etc., to machinery used for the manufacture of explosives is 
somewhat hazardous. In England, for instance, the shoots of the 
separators and the bed-plates of the granulating mills are lined with 
rubber composition. This stuff has the advantage that it wears well 
and possesses considerable elasticity combined with great strength, 
etc., but under favorable conditions such a bed-plate might act as an 
electrophorus. 

The author considers the question of the accumulation and attrac- 
tion of electricity one which should receive greater attention, and 
observes that it should be made compulsory to connect all machinery 
and apparatus with the earth by properly constructed conductors. 


Eng. Patent No. 1469, January 31, 1889, has been granted A. 
Nobel for an explosive mixture to consist preferably of charcoal, 
barium nitrate, and ammonium picrate, or amorphous phosphorus. 
The two last ingredients are added in order to counteract the slow 
combustion inherent to barium nitrate powders. 
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Otto Hehner gives a valuable paper in Jour. Soc. Chem. Ind. 8, 
4-9; 1889, on the “ Estimation of Glycerine in Soap Lyes and Crude 
Glycerine,” in which he describes at length the direct extraction, lead 
oxide, bichromate and acetin methods, and shows the two latter 
methods, which are so unlike in principle, agreeing in results. In 
connection with the direct extraction method, he states that when 
the solution contains more than 74 per cent of glycerine, the latter is 
volatilized at high temperatures, “and at temperatures beyond 100°, 
say 110°, as prescribed and practiced in large continental dynamite 
works, the loss is anything the operator may like to make it.” 

In discussing this paper, W. F. Reid said that all scientific analy- 
tical tests such as Mr. Hehner had described were regarded as 
almost useless in the dynamite factory. They used such methods as 
far as possible, but they mainly depended on a series of practical 
tests. The first step was to ascertain the amount of chlorine in the 
glycerine. If asample showed much chlorine it was at once rejected, 
chlorine being one of the greatest sources of danger in a dynamite 
works. The next test was to gently warm the glycerine with sul- 
phuric acid. If it discolored the acid much, the glycerine was rejected 
as being likely to cause heating in the nitrating vessel. For the de- 
tection of the fixed substances they heated the glycerine in a platinum 
capsule. They did not take the great precautions indicated by Mr. 
Hehner during this evaporation, and no doubt small portions of the 
mixed substances passed off with the glycerine. But they did not 
trouble about that. If they found an appreciable residue they 
rejected the glycerine, not on account of the danger, but as containing 
impurities in themselves useless. Of course crude glycerine was 
not used for nitrating purposes, as it would be dangerous. They 
tested that body practically by distilling it in superheated steam. 
That was the best test of its suitability for manufacturing purposes. 
There might be a certain percentage of pure glycerine in a crude 
glycerine, but there were also complex organic bodies present which 
destroyed a proportion of the glycerine in distillation and thus prevented 
the manufacturer from getting the yield of pure glycerine which analy- 
sis indicated as being obtainable. The final test of the pure glycerine 
was nitration. Nitration was done in the ordinary way and with the 
usual acids used in the factory. The practical yield was always 
lower than by the refined methods described by Mr. Hehner, because 
of the solubility of the nitroglycerine in the acids which were used to 
nitrate it. They had tried to precipitate the nitroglycerine from the 
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acids by dilution with water, but had found it to be also to some 
extent soluble in the acid water, so that only a small proportion ofthe 
dissolved nitroglycerine could be recovered in that way. The best 
method was to freeze the solution. He was quite aware that the tests 
he had described could not be considered accurate quantitative 
methods, but they were tests which enabled manufacturers to know 
what results to expect in actual working, those results being always 
considerably below the theoretical yield of pure glycerine; roughly 
speaking, he would say at least 5 per cent below it. 


It has been observed some time since that when mixtures of 
hydrogen and oxygen, in the proportion of 2 to 1, are exploded in 
a very long tube, an explosive residue remains unburnt even when 
the oxygen is in excess. This “Imperfect Combustion in Gaseous 
Explosions” has been studied by H. B. Dixon and H. W. Smith, 
and the nature of the residual gas, with varying compositions for the 
original mixtures, determined. The tube used was ico m. long 
and 9 mm. in diameter, with a capacity of 8100 cm’. and an internal 
surface of 29,000 cm*. With three mixtures—A, in which hydrogen 
was in slight excess, and B and C, in which oxygen was in excess— 
the following mean results were obtained : 


A. B Cc. 
Average residue, 150 cm’. 160 cm’. 220 cm’. 
H } 54.3 p. c. 29.5 p. c. 20.5 p. C 
CO hes 5.1 5.8 
O 19.4 38.1 32.7 
N 26.3 7-3 41.0 


Other experiments showed that the extent of the surface of vessel 
or tube employed does not exert any great influence on the explo- 
sion of the gases. Similar results were obtained with mixtures of 
carbon monoxide and oxygen. These results appear to confirm the 
observations of Mallard and Le Chatelier that the cooling in this 
method of combustion is more rapid than in ordinary combustion, 
and they also bear on Berthelot’s theory of the mode of propagation 
of explosion waves.—( Chemical News 59, 65-66; 1889.) 


The term catalysis was first applied by Berzelius, Ann. Chim. 
Phys. 37, 66, to the power shown by certain substances of causing 
decomposition or other chemical changes in other substances without 
being themselves affected. 
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Dulong and Thénard have shown, Ann. Phys. Chem. 76, 81, that 
all metals and some earths can determine chemical union between 
oxygen and hydrogen at temperatures below the boiling point of 
mercury, and in the case of platinum, palladium, rhodium, and 
iridium, at ordinary temperatures. Faraday has shown, Ann. Phys. 
Chem. 33, 149, that the action of platinum on oxyhydrogen gas 
occurs at ordinary temperatures only when the surface of the metal 
is perfectly clean. 

Henry, Phil. Mag. [3] 6, 354, and Turner, Anna/en 2, 210, have 
shown that copper and iron turnings, zinc-foil and wood-carbon have 
the same effect on oxyhydrogen gas, but only at temperatures not 
far below the boiling point of mercury ; and Loew, /. pr. Chem. [2] 
II, 372, has shown that glass begins to act in the same way at about 
the same temperature. 

Berthelot, /. Chem. Soc., Abstr., 1022; 1882, pointed out the con- 
nection existing between catalytic action and occlusion of hydrogen, 
and the following paper contains an account of an extensive series of 
experiments directed to the further elucidation of the subject. In 
studying the ‘‘ Catalytic Action of Metals on Oxyhydrogen Gas and 
the Occlusion of Hydrogen,” Ann. Phys. Chem. 35 [2], 791-810; 
1888, A. Berliner arrives at the conclusion that these catalytic 
actions are invariably due to the occlusion of hydrogen, which, when 
occluded, always seems to act in the same way as when in the nas- 
cent state, as Graham, Phil. Mag. [4] 32, 503, showed conclusively 
in the case of palladium. The fact that when the metallic surface is not 
clean, catalysis still takes place at high temperatures, is attributed by 
the author to the partial removal of the film of impurity when the tem- 
perature is sufficiently increased ; this is in accordance with Graham’s 
observation that the largest amount of gas was occluded when the 
metal was first strongly heated and then allowed to cool in the gas 
forming the subject of experiment. 


The “ Decomposition of Potassium Chlorate by heat in the presence 
of Manganese Peroxide,” which takes place with great readiness, has 
sometimes been referred to as due to the catalytic action of the oxide. 
Investigation of the phenomena by H. McLeod, /Jour. Chem. Soc. 
55, 184-199; 1889, and by W. R. Hodgkinson and F. K. S. Lowndes, 
Chem. News 58, 309; 1888 ; 59, 63-64; 1889, of the action of various 
metallic oxides, shows that the process is one of considerable com- 
plexity, but is purely chemical, and that the manganese oxide is repeat- 
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edly oxidized and reduced with the intermediate formation of potas- 
sium manganate and permanganate. 


It has long since been observed that when water is electrolyzed by 
means of an alternate current, the mixed gases in the voltameter 
sooner or later explode. De la Rive, who noticed the phenomenon, 
attributed it to the catalytic action of the platinum black which he 
saw formed on his platinum electrodes. Bertin attributed it to the 
polarization of the electrodes. 

In studying the mechanism of electrolysis by means of alternating 
currents, G. Maneuvrier and J. Chappuis found these explosions a 
constant source of trouble, and so they carefully investigated the 
phenomenon with a view to its prevention. Their results, given in 
the Comptes rend. 107, 92; 1888, under the title ‘ Spontaneous 
Explosions occurring during the Electrolysis of Acidulated Water 
by Alternating Currents,” show conclusively that the explosion of the 
mixed gases is brought about by the platinum electrodes becoming 
heated to such a point as to determine the recombination of the dis- 
sociated elements. This heating is due to three causes, all of which 
depend ultimately on the gradual descent of the level of the electro- 
lyte, in the voltameter, thus having more and more of the electrodes 
in contact with the gases. Firstly, owing to the smaller surface of the 
electrodes the current density is increased; secondly, the surface 
resistance is increased ; thirdly, the cooling action of the electrolyte 
is decreased. It becomes, therefore, easy to prevent the explosion 
by taking due precautions to guard against the heating of the elec- 
trodes. 


The Comptes rend. 107, 96-99; 1888, contains a paper by Mallard 
and Le Chatelier, ‘On the Method of Blasting in Fiery Mines.” 

The results of the researches of Berthelot and of Sarrau and Vieille 
enable us to determine with considerable precision the properties of 
the explosive substances. Up to the present, however, they have 
considered chiefly the mechanical effects of these bodies, passing by, 
as a secondary consideration, the temperature of the gases at the 
moment of detonation and before they have had time to cool even 
partially. 

This temperature can be calculated by applying to the gaseous 
products of the reaction, the values, increasing with the temperature, 
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for the specific heats of the gases; such have been obtained by these 
authors in their former experiments.* 

One can verify the accuracy of the temperatures calculated in this 
way by comparing them with the observations made by different 
experimenters, and notably those of Sarrau and Vieille on the pres- 
sures developed in closed vessels by detonating explosives. 

In effect, when the temperature is high and the volume of the gas 
is not too small, we may calculate this pressure P by the formula 


ee 
P= Spor se (1) 
which is deduced from Clausius’ formula, in which 
' 1.0333% 7 Uy 
S= 333 and «= , (2) 
. 273” w 
where 
4 =density of loading = 7 ; 


w = weight of explosive in kilograms. 

V = volume in liters of vessel in which detonation takes place. 

P =pressure in kilos. per cm’. of vessel in which detonation takes 
place. 

7 = temperature of detonation in absolute degrees. 

% == volume of gases produced at 0° and 76 cm. 

“u =a coefficient called the covolume.t 


The authors have proved that the experiments of Sarrau and 
Vieille on the pressures developed by cellulose endecanitrate, ammo- 
nium nitrate, and a mixture of cellulose endecanitrate 60 parts and 
ammonium nitrate 40 parts, verify, very exactly, expression (1), and 
this demonstrates that the law of the covolume applies even at 
temperatures approaching 3000° and pressures of more than 7000 
atmospheres. From the lowest of these temperatures and pressures 
to the most considerable it appears, at least for the gases which we 
encounter in the products of the detonation of explosives, as if the 
gaseous molecules had an invariable volume which is the same for all, 
and which is very nearly equal to the one-thousandth of the gaseous 
volume at zero and under atmospheric pressure. 


* Comptes rend. 1882, and Annal. Mines, 1883. 

+ The value of this coefficient has been calculated for different gases by 
Sarrau from the experiment of Armagat, but the authors believe that the value 
Should be the same, or very nearly so, for all gases, and they have taken it as 
equal to 0.001. 
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They have shown further for those explosives in which the ratio of 
the perfect gases to the carbon dioxide and water vapor is relatively 
small (such as dynamite and the mixture of gun-cotton and ammo- 
nium nitrate), that the agreement between / observed and / calculated 
from the temperature of combustion is very close when their own 
data for the specific heats of CO: and H:O is used. The difference 
in the values is not more than three per cent. 

When the perfect gases are present in considerable quantity, as ir, 
gun-cotton and picric acid, the difference reaches to ten per cent, and 
will be much greater if it is held that the molecular specific heat of 
perfect gases is constant at all temperatures. To represent the results 
of the experiments it is necessary to admit that the coefficient 4 in 
the formula ¢c = a + 6f, which was taken for perfect gases as equal 
to 0.0006, becomes at least 0.0013. The increase of the specific heats 
of the perfect gases with the temperature which is deduced from 
their experiments is confirmed most completely by the observations 
of Sarrau and Vieille on the pressures developed by explosives 
detonated in closed vessels. 

The commission on explosives which has recently been studying 
the important question of blasting in fiery mines, has arrived at 
results which strongly confirm the preceding deductions. This 
commission has proved by numerous experiments that explosives, 
when detonated in the midst of fire-damp mixtures, cannot inflame 
them except when the temperature of detonation exceeds 2200°. 
The authors have previously found that the point of ignition of these 
mixtures is 650°, but at the same time they are inflamed slowly. It 
is probably owing to this slowness of inflammation, combined with 
the expansion and consequent extremely rapid cooling which the 
gaseous products of the detonation undergo, that the great difference 
between 2200° and 650° is due. 

The commission has thus been able to prepare mixtures of explo- 
sives which were incapable of igniting fire-damp mixtures when 
detonated unconfined in their mids*. To determine what compo- 
sition such mixtures should have, i was found sufficient to assure 
one’s self that their temperature of d: tonation, when calculated with 
Berthelot’s thermo-chemical data and Mallard and Le Chatelier’s 
value for the specific heats, was below 2200°. 

It is by such means that the commission has proved by numer- 
ous experiments that mixtures of dynamite with equal weights of 
crystallized sodium carbonate, sodium sulphate with 10 molecules of 
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water, ammonium alum and ammonium chloride, will not inflame fire- 
damp mixtures in the midst of which they are detonated. They pro- 
duce the same effect on dynamite detonated in coal-dust mixtures. 

The mixtures formed on adding ammonium nitrate to nitroglycerine 
or to gun-cotton are particularly advantageous because the nitrate 
itself acts as a detonant, while it lowers the temperature of the deton- 
ation to nearly its own detonation temperature, which is 1130°, whilst 
that of dynamite is 2940°, that of nitroglycerine is 3170° and that of 
cellulose endecanitrate is 2636°. 

The commission finds that mixtures of dynamite or nitroglycerine 
with 80 parts of ammonium nitrate, and naturally mixtures which are 
richer in nitrate, do not ignite the marsh gas mixtures, and that it is 
the same with mixtures containing in 100 parts 20 parts or less of a 
cellulose nitrate whose nitrogen dioxide contents is less tha: 193 cm’*. 

Cartridges made of different mixtures according to the general 
principles indicated here have been submitted to numerous trials, and 
they are to be tried on a large scale in the mines, where it is hoped 
to realize great safety. 


U. S. Letters Patent No. 393794, December 4, 1888, have been 
granted George French for a“ Method of Blasting,” to be used in coal 
mines and similar places, to prevent firing the gases in the mine when 
the explosion occurs, and which consists in surrounding the charge in 
the bore-hole with a fire-extinguishing powder composed of sawdust 
wet with the following mixture: Alum, 5.1 per cent; sal ammoniac, 
1.7 per cent; salt, 10.2 per cent; water, 83.0 per cent. 

This solution is incorporated with the sawdust in about the 
proportions of two parts of the former to one of the latter, and 
three-fourths of one per cent of black lead is added. The powder is 
stored for use in the damp state, so that it binds together when exposed 
to pressure and is thus easily consc!idated around the blasting charge. 
It is held that a great advantage results from employing a powdered 
composition in place of water or jelly-like substances, since the 
powder is separated more readily and is more completely distributed, 
while it may be rammed around the blasting charge without the inter- 
position of waterproof linings and the like. 

The claim is for ‘the method of blasting consisting in making a 
bore-hole, inserting the blasting charge therein, ramming around 
the blasting charge sawdust or like absorbent powder saturated with 
a solution of alum, salt and sal-ammoniac, or an equivalent salt solu- 
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tion, and then firing the charge in the bore-hole when thus sur- 
rounded with the said powder.” 


The Ber. Berl. 22, 18-23; 1889, contains the results of L. Meyer’s 
studies of the process of ‘‘ Nitration.” He finds that the quantity of 
nitrobenzene formed in a given time by the action of a given volume 
of nitric acid on benzene is greater the less the quantity of benzene 
present ; for example, 100 mols. of nitric acid and 100 mols. of ben- 
zene yield 17 mols. of nitrobenzene in 15 minutes at 3°; but when 
300 mols. of benzene are employed, the quantity of nitrobenzene 
produced is 10.02, and when 700 mols. of benzene are used, only 3.6 
mols. of nitrobenzene are produced in the same time under exactly 
the same conditions. The results are similar when small quantities 
of benzene mixed with a constant quantity of nitrobenzene are treated 
with a constant quantity of nitric acid. A mixture of 100 mols. of 
nitric acid and 5 mols. of benzene diluted with 100 mols. of nitroben- 
zene yielded 4.4 mols. of nitrobenzene in 15 minutes at 3°; as the 
quantity of benzene was gradually increased from 5 to 100 mols., the 
quantity of nitrobenzene formed in the same time and under the 
same conditions gradually decreased from 4.4 to 2.2 mols. 

When a mixture of 100 mols. of benzene and roo mols. of nitro- 
benzene is treated with quantities of nitric acid varying from 50 to 
450 mols., the quantity of nitrobenzene produced in 15 minutes at 
3° is proportional to the square of the quantity of the acid em- 
ployed. The quantity of acid decomposed is almost proportional to 
the quantity added, the increase being about 2.55 per cent on the 
average for each additional 50 mols. of acid. The quantity of nitro- 
benzene produced in 15 minutes at 3° is expressed very closely by the 
formula, 

N = 5.1(A/B)*—2.9A/B, where A is the number of molecules of 
acid, and B the number of molecules of benzene in the mixture. 

Nitrobenzene retards the reaction between nitric acid and ben- 
zene far more than benzene does, and even to a greater extent than 
an equivalent quantity of water, but less than an equal volume of 
water. As soon as the volume of water produced becomes equal to 
that of the anhydrous acid present, the reaction ceases, so that at 
least 2 mols. of acid are required to nitrate 1 mol. of benzene, unless 
sulphuric acid is also added. If the proper quantity of anhydrous 
acid is employed in nitrating benzene, equilibrium is established very 
soon, even in the cold; but if the acid is not quite anhydrous, or if 
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excess of benzene or nitrobenzene is present, hours or even days are 
required to complete the reaction, and in any case the nitration, 
which is most rapid at first, gradually decreases. For example, with 
a mixture of equal molecules of nitric acid, benzene and nitroben- 
zene at the average temperature of 18°, the reaction was not finished 
until after 71 hours’ time; 50 per cent of the benzene had by this 
time changed, but even then there was a slight subsequent reaction. 

A table is given showing the quantity of acid decomposed after 
various lengths of time, when quantities of benzene varying from 25 
to 150 molecules are added to a mixture of 100 molecules of nitric 
acid and 100 molecules of nitrobenzene. The table shows that in 
the experiments with 25 molecules of benzene, the conversion into 
nitrobenzene is complete in half an hour, and that then the formation 
of dinitrobenzene commenced. In the other experiments the reac- 
tion proceeded at first the more quickly the smaller the quantity of 
benzene present, this difference gradually becoming less and less 
the nearer the process reached the point at which half the acid is 
decomposed. 


In their investigations upon the “ Constitution of the Jute Fiber- 
substance”’ or lignocellulose (/. Chem. Soc. 55, 199-213; 1889), 
Cross and Bevan have, among other reactions, noted the effect of the 
time of exposure on the products obtained by nitration. 

In the first experiment cited they used raw jute fiber and a nitrating 
acid formed of equal volumes of nitric acid (sp. gr. 1.43) and sul- 
phuric acid (sp. gr. 1.8). The temperature being 18°, they obtained 
the following results: 


I. Duration of exposure, Yield per 100 parts of fiber. 
I minute. 125.2 
Ele 129.2 
| ie 140.0 
lle 149.0 
— i 146.0 secondary actions with conversion 
16 hours. 31.0 into soluble products. 


In three other experiments the nitrating mixture was: II. As in I; 
III. Equal volumes of nitric acid 1.5 sp. gr., and sulphuric acid 1.8 
sp. gr.; IV. Nitric acid sp. gr. 1.5, one volume, and fuming sulphuric 
acid 0.75 volume. Besides this, two varieties of fiber were used: 
A. Raw fiber such as was used in I; and B. the modification 








312 NOTES ON THE LITERATURE OF EXPLOSIVES, 


resulting from the action of hot dilute hydrochloric acid upon this 
fiber. The duration of exposure in all cases was 30 minutes at 18°, 
The yield of nitrate per 100 parts of dry fiber was: 
II. IIL. IV. 
A 144.4 153-3 154-4 
B 143.8 152.8 152.7 

A reaction according to the equation Ci:H:sO. + 3HNO; = 
3H:0 + Cie:HisOc(NOs)s, is equivalent to a gain in weight of 44 per 
cent; the conversion into the titranitrate, 58 per cent. The forma- 
tion of the latter appears, therefore, to be the limit of nitration of the 
jute fiber; in other words, if we represent the lignocellulose by a Cis 
formula, it will contain four alcoholic OH-groups, or two less than 
cellulose similarly represented. 

To confirm the composition of these products and the equations 
above given, the specimen IV A was analyzed by Eder’s method 
( Ber. 13, 109) with the following result: 

0.453 gram gave 82cm’. NO at 19° and 770mm.; whence N= 10.5 
per cent. Calc. C:2HisOc(NOs)s, N==9.5 per cent; Ci2sHisOn.(NOs), 
N = 11.5 per cent. 

These nitrates resemble those of cellulose in all essential points. 
' There is no evidence of any resolution of the molecule attending its 
combination with the acid radicle; the product is a nitrate of the 
lignocellulose, which again manifests itself as a chemical individual. 


Patent 4310, March 20, 1888, has been granted in England to 
E. Turpin for an improved smokeless powder for firearms, which is 
prepared by dissolving gun-cotton more or less nitrated in any 
solvent most suited to the kind of gun-cotton employed, e. g. “nitro- 
benzene and other nitro-bodies of the aromatic series, aniline, alde- 
hydes, amido-compounds of various kinds, acetone, sulphuric, nitric, 
acetic, and other ethers.” Also “ ammonia in solution in sulphuric 
or other ether, acetone in solution in sulphuric or other ethers or 
mixtures of ethers are suitable for dissolving gun-cotton more or less 
nitrated.” 

The resulting paste is spread upon plates or trays with raised 
edges and allowed to dry. When sufficiently dry the sheets are 
rolled out to the desired thickness, and subsequently cut crosswise 
by suitable machinery, in order to form small cubes. The rapidity 
of combustion of the powder is retarded by the addition of camphor, 
nitrobenzene, nitrotoluene, paraffine, etc. By varying the proportions 
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of the ingredients above named, “ powders may be obtained adapted 
to suit all requirements.” 


A. Nobel has been granted Eng. Pat. 1470, Jan. 31, 1888, for a 
safety fuze, which is made of a celluloidal substance in the following 
manner: To 100 parts (by weight) of nitroglycerol 15 to 20 parts of 
camphor are added, and the solution thus obtained is thickened by 
dissolving 6 parts of nitrated pulped cotton in it. Seventy parts of 
potassium chlorate, 25 parts of potassium ferrocyanide, and 44 parts 
of soluble nitrate are then added, and the whole thoroughly incor- 
porated to produce a substance of the consistency of soft India rubber 
and easily workable into thread. The advantages claimed for this 
fuze are absolute continuity, imperviousness to moisture, and absence 
of smoke when ignited. 


English Patent 15771, Nov. 17, 1887, has been granted F. Crane 
for improvements in and connected with varnishes, which consist in 
using a solution of shellac in combination with a solution of pyroxy- 
lin in a practically non-hygroscopic menstruum miscible with the 
shellac solution. 


English Patent No. 487, Jan. 12, 1888, has been granted A. Orr for 
improvements in forming solutions and compounds of nitrocellulose. 
The solvent employed is “a chlor-acetate of chlor-amyl,” prepared 
by the action of chlorine on fusel oil ‘and other chemicals,” and may 
be diluted with from 2 to 5 parts of fusel oil. A solution of nitro- 
cellulose in this solvent mixed with castor oil and “ wood pitch”’ is 
said to give, by suitable treatment, a very good insulating material. 


In a paper entitled “An Improvement in the Manufacture of 
Chlorate of Potash” ( Jour. Soc. Chem. Jnd. 8, 168-173; 1889) M. J. 
Hamill describes in detail, with illustrations and tables, the method he 
employs of refrigerating the mother-liquors so that the yield is 
increased about one-seventh. 


In his study of the “ Hydrazine Sulphonic Acids and the Triazo- 
Compounds,” Ber. Berl. Chem. Ges. 21, 3409-3423; 1888, H. Limp- 
richt has obtained the following explosive compounds: Barium 
metatriazobenzenesulphonate, Ba(CsH«.N:.SO:):, which crystallizes in 
slender, colorless needles, and explodes when heated to 130°; potas- 
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sium triazonitrobenzenesulphonate, K.CsHs.Ns.NO2SOs, which crys- 
tallizes in light brown plates, is very unstable, is readily soluble in 
hot water, and explodes when heated to 130°; diazotriazobenzene- 


sulphonic acid, CHa. Nich, SN, which is obtained in orange-red 


crystals that turn dark blue on exposure to the air, and explode 
violently both through percussion or heat; diazodibrombenzene- 


sulphonic acid, GHBi<ofy SN, obtained in yellow crystals, which 


are very sparingly soluble in cold water, are decomposed by boiling 
water, and explode violently when heated ; barium triazodibromben- 
zenesulphonate, Ba(CsH».Br:Ns.SOs)s, crystallizing in pale red plates 
which are sparingly soluble in cold water; hydrazinebenzenedisul- 
phonic acid, NH»CeHs.NH.N.SO:H.OH)), crystallizing in fine, lus- 
trous yellow rhombs, insoluble in most of the usual solvents; and 
barium triazobenzenedisulphonate, Br(Cs Hs.NH.N».SOs.OH):.3H:O, 
which crystallizes in yellowish plates that decompose slowly at ordin- 
ary temperatures. 


Among other “ Aromatic Lead Compounds,” A. Polis has ob- 
tained a basic lead ditolylnitrate (HO.Pb(C:H:):NOs) in the form of 
a white amorphous powder which explodes slightly when heated. 
—(Ber. Berl. 21, 3424-3428 ; 1888.) 


Eng. Pat. 11537, August 24, 1887, was granted O. Bowen, A. S. 
Tomkins and J. Cobeldick, for improvements in the manufacture of 
charcoal, the object of the invention being to produce a charcoal rich 
in hydrogen and suitable for the manufacture of gunpowder. For 
this purpose wood or suitable carbonaceous matter is subjected to a 
heated current of air mixed with hydrogen. The furnace employed 
has been described in Eng. Patents 509 of 1881 and 1457 of 1886. 


German Patent 44078, December 19, 1887, has been granted to 
H. Giittler for further improvements in his charcoal furnace, the 
wood being introduced in the form of pulp. The improved appar- 
atus cannot be described in the absence of drawings, but it seems to 
be an important addition to this special branch of powder manufac- 
turing.—( Ding. poly. Jour. 270, 215; 1888.) 


The Moniteur de la Photographie of Paris calls attention to a 
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dangerous explosion of ether which occurred while this liquid was 
being carefully evaporated in a platinum dish, after having served for 
extracting grease. The ether was very old, having been kept in a 
stock bottle for many years, and probably exposed to light. It con- 
tained no less than five per cent of hydrogen peroxide, to which the 
explosion is ascribed, and a little acetic and formic acids.—( Pop. Sci. 
News 22, 38; 1888.) 


Science 13, 152; 1889, copies from the Ottawa /ournal a notice 
ofa rather unique phenomenon, known as a “ Sawdust Explosion,” 
which is a breaking up or bursting through of the ice that occasion- 
ally occurs on the Ottawa river, Canada, and is supposed to be due 
to the sudden liberation of immense quantities of marsh gas which 
has been generated by the sawdust that has been thrown from the 
sawmills at this place, and is accumulated in the bed of the river. 
The gas is said not to be ignited. No proof of the existence of the 
gas other than the bursting of the ice is given. 


Mr. Wolcott C. Foster contributes to the Eng. News 21, 29; 
January 21, 1889, “ A Classification of Explosives,” which he offers 
in lieu of those in use. The scheme is, however, faulty in many 
particulars and ought not to be followed. Among others we may 
note that although Class VII is styled “ Fulminates,”’ Class VIII is 
styled “Chemical Compounds,” nitrogen iodide and panclastite (sc) 
being given as examples. Again, for Class IV “ Nitro Powders,” we 
have the organic nitrates, mannitose and saccharose nitrates, as 
examples, while no provision is made for the large number of nitro- 
substitution compounds which are now coming into prominence. 


A “Catechism of Explosives,” by Charles E. Munroe, which is 
intended for use in the instruction of seamen-gunners, has recently 
been issued from the press of the Torpedo Station. 


Ernst and Korn, Berlin, 1888, announce “ Das Wesen und die 
Behandlung von brisanten Sprengstoffen.” 
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DOMESTIC STEELS FOR NAVAL PURPOSES. 
By L1EUTENANT-COMMANDER J. G. Eaton, U.S. N, 





The adoption of steel in place of iron on board our men-of-war is 
now an accomplished fact. The line officer finds his hulls, rigging, 
masts, guns and carriages, shields and armor, all of steel. The 
engineer deals with the same metal in boilers, engines, shafting, and 
propeller. Steel has usurped the place of iron, and wherever 
increased strength is needed, saving of weight a factor, or reduction 
of section an object, steel is now used. 

Steel is purely and simply an iron in which are dissolved carbides, 
sulphides and phosphides of iron. To these may be added metal- 
loids such as manganese, aluminium, and chromium, or through the 
original ores may come impurities, notably arsenic, cobalt, antimony, 
copper and silver. Practically speaking, steel is an alloy, principally 
iron, which is both fusible and weldable. In these two characteristics 
it unites the qualities of cast and wrought irons. By varying the 
carbon we can produce a steel softer than soft malleable iron, or 
harder than hard cast iron. It can be rolled in sheets which may be 
folded like paper, or cogged into rods which may be tied into square 
knots without crack or fracture. On the other hand, steels are made 
which will scratch glass like a diamond, or crush the hardest rock 
without scarring its surface. Between these widely separated qual- 
ities it appears in innumerable conditions which fit it for almost 
every conceivable purpose, and this younger son of Vulcan, inheriting 
all the sterling qualitics of his old father Iron, but spurning the slag 
and oxidations which clogged the veins of his dusky sire, laughs at 
burdens which bent the ancestral back. 

In order to gain a clear knowledge of the material with which we 
are to deal, it is proper that we should study the various methods by 
which steel is produced, and judge whether any particular process is 
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defective, or its application difficult and its results uncertain. In 
entering upon the methods now in use, I feel that I am treading a 
path well worn, and if the reader finds familiar landmarks, recognized 
long years ago, I tender my sympathy. It is essential to a clear 
understanding of the subject to pursue some rather tedious details. 

Although crucible steels play some part in our naval ships, we can 
safely dispense with any discussion of its merits. Its excellences are 
acknowledged and its limitations recognized. Although Krupp has 
united the charges of a thousand crucibles in a single cast, we are not 
likely to see this feat repeated. We may, therefore, narrow our 
observations to steels produced either by chemically evolved heat, 
as in the Bessemer and Clapp-Griffith converters, or steels melted by 
fuel gas, as in the open-hearth furnaces. In the Bessemer no extran- 
eous heat is applied to the molten iron, the rise in temperature being 
effected by the active combustion of the manganese, carbon, and 
silicon in the iron itse!f. In an open-hearth furnace these same 
elements do augment the temperature, but the melter relies upon 
fuel gas as the heating medium. As an illustration of this point | 
cite a heat of thirty tons of low carbon steel nearly ready to teem, 
which, through the settling of the furnace wall, set solid in the bowl. 
The gas was turned off, the furnace wall rebuilt, the gas (natural gas) 
turned on again, and the entire mass re-melted and teemed within 
thirty hours from the time the gas was ignited. 


THE BESSEMER PROCESS 


The Bessemer process, named for Sir Henry Bessemer, its inventor, 
antedates the Siemen-Martin open-hearth furnace, and marked the 
first great step towards the cheapening of steels. The salient feature 
of Bessemer production is the rapid reduction by combustion of the 
silicon and carbon in molten iron by means of a cold blast under 
pressure. A ladle of molten iron, containing from one to fifteen tons, 
is poured into an egg-shaped, brick-lined converter, which swings on 
trunnions and is open at the upper end. Through this charge, by 
means of tuyéres in the bottom, is forced atmospheric air under pres- 
sures of from five to twenty-five pounds per square inch. The tem- 
perature rises rapidly by the oxidation of the carbon and silicon in 
the blow. The heat developed rises to about 3500° F. The blast is 
continued till the metal is sufficiently blown, as evidenced by the 
sudden drop and change of color in the flame. The blast is then 
turned off, the converter turned on its trunnions, and the “ blow” 
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poured into ladles, a proper quantity of ferro-manganese being added 
to effect re-carburization. The whole operation requires from ten to 
twenty minutes, and three blows to an hour is not uncommon prac- 
tice. Practically, as Sir Henry Bessemer said, “the iron is boiled 
without the application of heat.” The rise in temperature from 
1800° F. to 3500° F. is due solely to the combustion of the elements 
in the molten iron itself. 

In theory the Bessemer should produce a perfect steel. In prac- 
tice, as good samples can be made as by any other process. But 
they are samples, obtained by careful selection of charging material 
and unusual supervision of the blow. The facts that a few seconds 
of overblow will introduce burnt irons which ruin cohesion in the 
product, or that underblown metal is practically useless, preclude 
the practicability of always securing a uniform, trustworthy, and 
homogeneous steel. The silicon should go with the carbon, and the 
instant it is gone the iron itself burns. In short, the Bessemer pro- 
cess is one of extreme delicacy. The blower must always go to the 
verge of burning his metal, else in avoiding this Scylla he risks the 
Charybdis of the underblown metal. 

Underblown metal is hard, brittle, and unreliable, with small 
elongation, due to an excess of manganese, there not being a suffici- 
ent amount of oxygen to take up the manganese introduced in recar- 
burization. 

By the acid Bessemer process, the carbon, manganese, and silicon 
are consumed, a small percentage of carbon remaining. The sulphur 
and phosphorus are not eliminated. All of these two impurities 
which entered in the charge come out in the ingot with increased 
percentages, due to the loss of iron by blowing. 

The Bessemer process is more economical than the open-hearth. 
Its advocates claim for it the merits of reliability and uniformity, but 
whilst as good steel ca be produced by this method as is needed, the 
very nature of the process carries uncertainty with it. The high 
temperature at which it is teemed is favorable to the dissociation of 
the metalloids in cooling, and in large ingots this becomes a very 
serious fault. The castings attempted for the Maine by this pro- 
cess were not successful, and they were assigned to an open-hearth 
manufacturer. 

The Clapp-Griffith process is so nearly allied to the Bessemer as 
to need no special description. The main characteristic consists in 
introducing the blast near the surface, and not at the bottom, of the 
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charge, as in the ordinary Bessemer. Its products of soft steels are 
good and its metals sufficiently uniform. 

The best results with blown metals are obtained from small con- 
verters. It isa question whether the success which has attended the 
Clapp-Griffith is not due more to this fact than to all the special 
features. In small converters there is more air blown in proportion 
to the amount ofiron. This would produce a carbon dioxide which 
generates much more heat than the carbon monoxide produced in 
the large Bessemers. The slag-hole in the Clapp-Griffith converter 
can have only the slightest beneficial effect. The fact that the con- 
verter is stationary is of advantage. 

In writing thus regarding Bessemer steels I desire to make it clear 
that sound, trustworthy steels can be made, and undoubtedly have 
been made, by the thousands of tons by this process. I have myself 
witnessed a hundred consecutive heats from the Homestead con- 
verters that showed a surprising uniformity in chemical composition 
and physical properties. The point I desire to emphasize is that the 
Bessemer process is one of extreme delicacy, and that Bessemer 
steel has not been made, and probably cannot be made, with the 
regular uniformity of open-hearth steel. 

Steel can be made badly by any process, but by adhering to a 
process where the liability of error is reduced to a minimum, we are 
taking the simplest precaution possible. 


OPEN-HEARTH PROCESS, 


The acid open-hearth furnace, whether for ore and scrap, or pig 
and scrap, consists essentially of a huge brick bowl, generally oval in 
contour, surrounded by walls and covered with an arched roof, all of 
refractory silica (acid) brick. Through doors there are charged into 
this bowl first pig-iron, then acid-washed metals and scrap, or simply 
scrap, such as plate shape and shaving scrap of steel, crop ends of 
ingots, old rails, etc. The steel scrap is placed on top, as it is the 
most refractory. Fuel gas is admitted through large entry ports, 
with heated air, and deflected downward, in order that the flame may 
play upon the charge. The escape port for the products of combus- 
tion is diametrically opposite. The reversal of the current every 
fifteen minutes serves to heat the regenerative passages through 
which the air is admitted. The air enters the furnace at about 1000° F. 
From four to seven hours are required to fully melt the charge. Oxi- 
dation is produced by oxide of iron, and there is no difficulty about 
the silicon, as it is burned before the carbon. 
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It will be seen that the process is a slow one, taking hours to 
accomplish what the converter does in minutes. The heat is always 
under control, and with only one element, carbon, to watch, the 
melter has entire control of his process. 

The bath being formed by the melting of the charge, ore is added. 
Violent ebullition at once ensues; the carbon in the ore, set free by 
the intense heat, flying off almost explosively. The melt seethes and 
surges under the tremendous chemical reactions. The temperature, 
already glowing white, rises hundreds of degrees. With long 
hickory poles the melter thoroughly rabbles every part of the heat, 
searching for refractory lumps on the bottom. The slag rises to the 
surface, and as the temperature lowers and the boil subsides, the top 
of the “heat” is seen covered with floating scum. The critical 
period of open-hearth practice is during and at the end of the boil. 
Owing to the sudden increase of heat the iron is apt to burn, pro- 
ducing low oxides, which, re-appearing in the finished steels, prevent 
homogeneous weldings and cause snakes. Any impurity in the 
flame of the fuel gas is at this time readily absorbed by the bubbling 
steel. 

Specimens are now taken, rapidly cooled, broken, and the carbon 
point determined by the color of the fracture. When the carbon has 
been reduced to .06 of one per centum, ferro-manganese is added. 
The carbon point desired is obtained by the proportion added, and 
the manganese serves its purpose by combining with the oxides of 
iron and purging the “heat.” The temperature is now lowered to 
the teeming point, and the “ heat ” run into ladle and thence poured 
into ingots at as low a degree of heat as is possible without chilling. 
The time from the beginning of the charging to the tapping, has 
taken from seven to eleven hours. From beginning to end the tem- 
perature has been under the control of the melter. If too fierce a 
flame has oxidized the iron, the melter is to blame. The process 
allows ample time, and if there is any burnt metal in the ingot there 
has been either gross carelessness or improper material charged. 

With the ordinary open-hearth, as with the Bessemer process, all 
the phosphorus and sulphur in the original charges reappear in the 
ingot, with increased percentages due to loss of iron. Neither pro- 
cess has aided us in eliminating these active enemies of good steel. 

The points to be noted in the ordinary open-hearth process are: 

1. Careful analysis, and by means of this analysis the careiul 
adjustment of the weights of each class of material charged. 
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2. The interval of time allowed for the escape of injurious gases 
(practically all gases are injurious to the product). 

3. Facilitating the escape of these gases by thorough rabbling, 
assisting each portion of the “heat” to part readily with gases held 
mechanically.* 

4. The promotion of homogeneity by the long interval of time 
permitting a thorough mix. 

5. The fact that by the turn of a lever the melter has control of 
his temperature.f 

6. The oxidizing flame is in contact with only the surface of the 
“ heat,” and this surface is protected by floating slag. 

7. And all-important, the melter can judge by tests of the char- 
acter of his “ heat” before teeming. 

In the “ Proceedings,” Vol. XIV, No. 4, I pointed out the evils 
attendant upon high sulphur and phosphorus. I will add here another 
most serious injury caused by high phosphorus in ship plate, viz., 
increasing acid corrosion. 

M. Savioz, chemist at St. Nazaire, exposed steels of various condi- 
tions to acid waters, and carefully observed the loss of weights. 
Without detailing at length the results, let me say that he found that 
“a high proportion of phosphorus exerted a decidedly deleterious 
influence on the behavior of the metal.” This appears to be a point 
of great importance to men-of-war, which are frequently exposed for 
months to waters permeated with acid gases. I need only mention 
the “ Callao painter ” as an instance to those familiar with the West 
Coast. 

Our American ores are reasonably free from sulphur. To obtain 
low phosphorus steels we have been forced to qualify our charges 
with foreign ores, Spanish, African, and Cuban, but the basic open- 
hearth process, which has passed its experimental stage in producing 
domestic steels from domestic ores, will effectually rid us of those 
bétes noirs, sulphur and phosphorus. The basic Bessemer process 
accomplishes the same results in blown metals. It has doubtless 


*In some Bessemer works the steel is thoroughly rabbled in the converter 
after blowing, and the “blow” is allowed to cool materially before pouring. 

t At excessive temperatures in Bessemer or open-hearth practice, not alone 
is burnt iron produced, permitting cement carbon to escape, but at these tem- 
peratures some gases will penetrate the whole charge, oxidizing irons which 
cannot be regenerated. An open-hearth furnace heated only by radiation would 
produce best results. 

t In a Bessemer converter the flame permeates all parts of the “ blow.” 
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produced good steels, but, like the ordinary Bessemer, it is subject to 
irregularities, and as it undertakes the elimination of three elements, 
viz., phosphorus, silicon, and carbon, whilst the ordinary Bessemer 
deals only with the two latter, it is more intricate and more difficult 
of successful accomplishment. Wretched failures have occurred in 
many thousands of tons of German and British basic Bessemer plates 
and shapes. As before, the theory is perfect, but regular practice is 
unreliable. 

The principle upon which basic Bessemer is based is identical with 
basic open-hearth. I will confine myself, therefore, to a description 
of the latter only. 

BASIC OPEN-HEARTH. 


In form, application of heat, method of charging, and general 
management, a basic furnace is identical with an acid furnace, the 
essential points of difference being in the material composing the 
bowls and side-walls, and the artificial introduction of bases for reduc- 
tion of acids in the steels. The bases thus used are, primarily, lime 
and magnesia, and, secondarily, manganous oxide formed in the heat 
itself from the manganese ore. 

In a basic furnace the bowl which holds the melt is lined with cal- 
cined dolomite, and its surface afterwards fettled with the same 
mixed with tar. This is in lieu of the sand used in the acid furnaces. 
The side-walls, as far as it is possible for the metal to reach during 
the boil, are similarly lined. The remainder of the furnace is of acid 
(silica) brick. Peculiarities of walls, roofs, bowls, etc., exist in basic 
furnaces, but they are matters of practice and in nowise affect the 
principle. 

Charging, melting, and teeming.—The basic furnace is thus 
charged: a heat having been run, and the bottom patched with cal- 
cined dolomite and tar, limestone rock is placed first on the floor of 
the furnace. Care is exercised that the limestone is spread evenly, 
completely covering the bottom. On top of the limestone is charged 
manganese ore, about 400 pounds of ore to 2500 pounds of limestone 
serving to flux about seventeen tons of steel. Upon the ore will next 
be charged pig-iron, and last of all. Bessemer crop ends, rail ends, 
and scrap generally. The furnace is hot when charged. Four hours at 
the utmost serve for the complete melting of the charge. The melted 
limestone is rising continuously through the bath, keeping up a more 
or less violent ebullition. The phosphorus mostly disappears in the 
early part of the “ heat,” and by the time that the carbon is gone the 
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‘heat ” is dephosphorized, the phosphorus, as phosphoric acid (P:Os), 
being taken up by the bases. The manganese ore assists in desilicon- 
izing and decarburizing the pig, forming a manganous oxide MnO, 
which is itself a strong base, greatly increasing the fluidity of the 
floating slag. Apart from the strong affinities of phosphoric and 
sulphuric acids for lime and magnesia, the lime has the direct effect 
of retarding oxidation. This useful property serves to keep out low 
oxides of iron, bad enemies of all steels. The lime as a base unites 
with peroxide of iron and forms ferrate of lime in the slag. 

Without entering deeply into the chemistry of the process, suffici- 
ent has been written to show that the method, as its name implies, 
provides bases for the absorption of the injurious gases set free by 
the heat. These gases having a greater affinity for the bases than for 
the metal, are chemically combined in the slag. 

Within five hours from the charging the heat is ready to teem. 
This is practically a gain of fifty per centum in time and quality, as 
no steel is improved by being subjected, when fluid, to the fiercely 
oxidizing flame of fuel gas. 

Qualities of basic steel.—Basic steel can be made purer than by 
any other known process; in fact, it can be made almost ideally pure. 
When very pure the tensile strength is low, but the reduction of area 
under stress is the highest. The strength can be raised by carbon 
alone to over 60,000 pounds per square inch, which is sufficient for 
ship-builders’ needs. Low tensile strength is almost an emblem of 
purity in steel, and once having our steel at a known point of purity, 
we can raise its strength by carburization, with a certainty of not 
incorporating injurious metalloids. Basic steel has more the quali- 
ties of high-class wrought-iron, minus the blisters, slag, and lamina- 
tions to which the iron is subject. 

Basic steels weld very readily with ordinary care, and are much 
less susceptible to the evils of “ blue heat” than other makes. Basic 
steel also possesses remarkable qualities as to malleability, and forges 
more easily than other steels. These qualities just enumerated fit 
it pre-eminently for fire-box and furnace-plates. Basic plates are free 
from snakes, one of the worst defects in thick plates or heavy 
sections. Basic steel is eminently fitted for angles, beams, and rivets. 
Its strength is not affected to the same extent as other steels by 
annealing, and instances are not wanting where it has actually gained 
tensility in the annealing furnace. No advantage is gained, as to 
quality, by subjecting basic open-hearth steel to excessive mechanical 
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compression. The same uniformity of texture is gained by much less 
work. Basicingots are much quieter in the moulds than acid ingots. 
Basic plates show less variations between longitudinal and transverse 
specimens than acid steels. In a record of thirteen heats from furnace 
No. 1, basic open-hearth, at the Homestead Steel Works, comprising 
one hundred plates and tests, the average variation between longi- 
tudinal and transverse specimens was: In tensile strength, 1120 
pounds ; in elastic limit, 870 pounds ; in elongation, 8 inches, 2.2 per 
cent; whilst thirteen acid heats from furnace No. 4, of the same 
average strength and elongation, showed for the same number of 
tests average variations as follows: In tensile strength, 2740 pounds ; 
in elastic limit, 1320 pounds; in elongation, 8 inches, 3.8 per cent. 
The analytical tests showed more uniform distribution and less 
segregation than in acid ingots. Examples could be multiplied, did 
not a paper of this description forbid the space necessary. The new 
basic material has found favor with the trade, and now that the Navy 
has admitted it as an equal, there can be only one feeling, and that 
of satisfaction. 

Having thus followed the methods by which our steels are made 
with sufficient minuteness to judge of their probable defects and 
excellences, | now pass to the requirements exacted of the finished 
product before it is accepted. 


STEEL FOR HULLS. 


The desirable qualities may be enumerated in the following order 
of importance: reliability, toughness, strength, ductility, elastic limit, 
and durability, including vibratory endurance. 

Reliability is dependent upon the uniformity and homogeneity of 
the steel. This is ascertained by physical and analytical tests. The 
physical tests are taken from the worst parts obtainable. The char- 
acter of the fracture is highly important as an index of the flow of 
the metal. In this connection I will add that in judging the character 
of any fracture it is of importance to know how the fracture occurred. 
Steel as well as iron exhibits wide differences in the same metal, 
when pulled apart, from what it shows when broken by shearing 
strain. 

Toughness is an element of the elongation, but is evidenced by 
bending, quenching, and, best of all, shocking tests by falling weights. 

Strength or tensile strength is fully shown by the test specimens 
in the testing machine. These specimens are always selected from 
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the worst portion of the plate, shape or casting, and should show the 
minimum strength. It should always be remembered that steel 
which has ever been subjected to strains approaching its ultimate 
strength, has passed from its original state of rest to one of stress, 
and its ultimate strength has been seriously reduced. 

Ductility is also an element of the elongation, but is best shown by 
the reduction of area. The quality is valuable in permitting serious 
and emergency strains without rupture. In general, the milder the 
steel the greater the ductility, though there are startling exceptions, 

Elastic limit is the true criterion by which loads should be adjusted. 
Simply stated, it is the strain which a given steel will endure without 
change of form. Unlike tensile strength, it actually increases under 
strains closely approximating, never exceeding, its full value. The 
elastic limit of any steel structure for all practical purposes is its true 
strength. This limit once exceeded, the structure is permanently 
weakened and deformed. It will be noticed that in the Specifications 
for Structural Steel no condition is imposed as to elastic limit. Given 
a mild steel with a certain tensile strength and elongation, conditioned 
as to phosphorus, and the elastic limit will follow. High phosphorus 
gives an abnormally high elastic limit. 

Durability and vibratory endurance are shown by the fatigue of 
the metal during the drop test; the latter of the two being largely 
dependent upon pure metals rolled hot. Brittleness is fatal. In 
general, no steel for structural purposes should be admitted which 
requires nursing. Ordinary intelligent work must suffice for its 
incorporation. Rough usage and hard work are concomitants of 
ship-building, and the material must endure these without favor. 


SPECIFICATIONS FOR HULL PLATES AND SHAPES. 


The latest specifications, those of January 15, 1889, call for “steel 
of the open-hearth process, with not over .06 of one per centum of 
phosphorus.” 

“ Plates and shapes to be tested by heats.” [A “heat” may vary 
from five to fifty tons, but it is in all cases the output of a particular 
furnace for one run. | 

“ Tensile strength (practically) 60,000 pounds per sq. in.”’ 

‘ Elongation in 8 inches at least 25 per centum.”’ [The distance 
between witness marks in determining elongation is important. The 
shorter the test piece the greater the per cent elongation. An 
elongation of 25 per cent in 8 inches corresponds closely to 32 per 
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cent in 2 inches. Another point should here be noted. Elongation 
varies with the location of fracture. The nearer the grips the fracture 
occurs, the less the elongation, and the nearer the middle, the gréater. ] 
“Cold bending pieces must bend over flat on themselves without 
sign of fracture.” [Good steel, well rolled, will do this readily under 
a trip-hammer when not over $-inch in thickness. Thicker pieces 
should be placed in a hydraulic press, whose slowness and regularity 
permits a cold flow of metal. In this connection it should be remem- 
bered that wide pieces will not bend as readily as narrow ones. | 


QUENCHING TESTS. 


“ Heat to a dark cherry red, then plunge into water at 82° F., and 
thus prepared it shall be doubled around a curve, whose diameter is 
not more than one and one-half times the thickness of the piece 
tested, without showing cracks.” [Avoid smoky fires in heating the 
specimen or in heating any steels. This test should detect cold 
rolling, brittleness, or segregation of phosphorus. | 

For shapes, 7. ¢. angles, beams, bulb-bars, T and Z bars, additional 
tests are prescribed. Thus, “One bar in twenty to be opened out 
flat while cold, a piece cut from another bar in the same lot shall be 
closed down on itself until the two sides touch without showing 
cracks or flaws.” [These tests disclose any injurious strains set in 
rolling. Of the two tests, that of closing is much the more severe. 
When the section is large and a trip-hammer used, the metal must 
possess excellent qualities of toughness, endurance and ductility to 
pass. | 

The drop test prescribes, ‘“‘ two bars from every heat shall be tested 
to destruction by means ofa falling weight.” [When it is recalled 
that the bar is inverted at every blow, the severity of this punishment 
can be appreciated. No brittle or badly rolled bar can endure it, 
and all which do will withstand safely battery firing, collisions, or 
stranding. } 

All material is subjected to careful surface inspection. The defects 
sought are slag, foreign substances, hard spots, laminations, sand or 
scale marks, scabs, pittings and snakes. A snake in steel has pre- 
cisely the appearance of a water-mark in paper, and indicates the 
presence of burnt iron separating two layers of true steel. Any 
indication of a snake should arouse grave suspicion, and its proved 
existence should condemn entirely the plate or shape. 

Shapes, in addition to the above defects, are inspected for defective 
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sections, grooved fillets, wire edges, and shaded back; the latter 
being a rounding off of what should be a sharp, full shoulder. 


HULL RIVETS. 


These are now wholly steel made, are readily worked, and exhibit 
for equal sections 25 per centum more strength than the best iron, 
They are conditioned not to exceed .05 of one per centum of phos- 
phorus, and restricted to open-hearth and Clapp-Griffith processes, 

The T. S. must not fall below 55,000 pounds nor exceed 60,000 
pounds, with an elongation of at least 29 per centum in 8 inches in 
the rivet bar. 

The cold and hot hammering tests and hook bending tests are 
not severe for a mild, homogeneous metal. The shearing test exacts 
40,000 pounds for #-inch rivet. 


THE WORKING OF STEEL. 


The evil effects of working steel at too low a temperature, or at the 
“blue heat,” as it is called, have been so widely discussed that it 
would be a work of supererogation to enlarge upon it. There are, 
however, two other errors that lead to evil consequences. First, 
overheating steel, or raising it beyond the necessary working or 
forging temperatures. In forgings there is a constant temptation to 
do this, as the forging can thus be kept longer under the hammer. 
Second, long soaking of steel in a fire. This latter causes the steel to 
become dry and brittle and does infinite harm. In general, soft 
steels from 45,000 pounds to 52,000 T. S, can be subjected to almost 
any kind of treatment without injury. Low steels possess all the 
good qualities of the best iron in this respect without its vices. 
Higher steels must be worked more carefully. The higher the 
carbon, the more skillful the workman should be. 


ANNEALING. 


Annealing generally reduces the tensile strength and increases 
elongation. It reduces strains by permitting intermolecular move- 
ments. The temperature should be raised slowly to allow the center 
to become equally heated with the surface. At no time should there 
be a wide variation in heat between the parts of the same piece. For 
the same reason the temperature should be as gradually lowered. 
Varying carbon steels require different annealing temperatures. 
Annealing properly performed serves a most useful purpose in 
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removing strains set in heating, working, forging, rolling, and tem- 
pering. Carelessly annealed, a piece is not benefited and may be 
much injured. Punched plates, sheared edges, cold-bent shapes 
have had injurious strains introduced by cold flow, and though sub- 
sequent annealing may appear to have reduced their strength, the 
apparent loss is a real gain in uniformity. Thick plates should either 
be annealed or have their edges planed. 

A “strain” in steel is a state of tension or compression between 
adjacent molecules, but always within the strength of the material. 
A “stress” is strictly a strain intensified until deformation ensues. 


STEEL CASTINGS. 


The Navy specifications call for open-hearth or crucible steel 
showing not over .06 of one per cent of phosphorus; the T. S. not 
less than 60,000 pounds per square inch, with an elongation of at 
least 15 per cent in moving parts and Io per cent in stationary parts. 
Percussive tests are applied, and a large sledge used to discover cracks 
or brittleness. All castings are annealed. 

It would seem that we are but at the threshold of the possibilities 
in steel castings. The difficulties to be overcome are excessive 
shrinkages, necessitating large sections and waste; surface rough- 
ness, causing the sacrifice of much metal in order to secure a uni- 
formly smooth exterior ; shrinkage cracks of greater or less depth and 
extent, always serious and frequently fatal; pitting, and sponginess. 
This last fault is one which bids fair to be eradicated entirely, but its 
existence is not an annoyance simply, it throws doubt upon the 
reliability of the whole casting. The evils we see we can estimate, 
but the possibility of blow-holes and sponginess in parts hidden 
from sight discredits the whole. High silicon is favorable to solid 
castings. The acid open-hearth process is now producing castings 
which bear comparison with wrought material, and we are nearing 
the time when steel castings will displace many forms of forged 
material. Steels melted by radiation are freer from blow-holes than 
other steels. 

Aluminium alloys increase the tensile strength and to some extent 
the elastic limit, but both these gains are made at the expense of 
ductility. In high carbon castings, aluminium is positively disad- 
vantageous, Sharper castings are obtained by aluminium alloys, 
and there may be fewer shrinkage cracks, due to greater fluidity at 
a lower temperature in pouring. Beyond these advantages claimed, 
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there is much doubt as to the merit of further alloying an already 
impure metal. 
BOILERS, STAYS AND RIVETS. 


The comparatively recent adoption of exclusively steel boilers for 
the Navy marks an era of greatly increased pressures. A general 
knowledge of the character of the material of which they are con- 
structed is useful to all classes of officers. The writer gives here 
the class of steel used and a few observations as to its merits. In so 
doing he is painfully aware that to many of the members he is 
simply “ carrying coals to Newcastle.” 

All boiler plates must be made of open-hearth steel, conditioned 
not to exceed .035 of one per cent of phosphorus. This practically 
gives us phosphorus at .030 of one per cent. Speaking from obser- 
vation, I should like to see the phosphorus reduced to a trace. 

Each boiler plate is tested independently and stands or falls upon 
its own merits. Test specimens are cut e7/her longitudinally or trans- 
versely. This is important, as physical qualities vary widely in 
transverse specimens as compared with longitudinal specimens from 
the same plate ; the transverse specimen showing higher tensile and 
lower elongation. The transverse specimens for shell plates must 
have T. S. between 58,000 pounds and 67,000 pounds, and an elon- 
gation of 22 per cent in 8 inches. The longitudinal has the same 
range in tensility, but an elongation of at least 25 per cent. The 
elastic limit is fixed at 32,000 pounds. 

Furnace and flange plate are required to show T. S. from 50,000 
pounds to 58,000 pounds, with 26 per cent elongation ether longi- 
tudinally or transversely. Cold bending and quenching tests are the 
same as for ship plate. Plates over }” thick must not be sheared, 
but planed to finished dimensions. 

Boiler rivets are conditioned to .03 of one per cent in phosphorus, 
and the other requirements are: T. S. 50,000 to 58,000 pounds, 
elongation 30 per cent in fire-box rivets; T. S. 58,000 to 67,000 
pounds, elongation 26 per cent in shell rivets. For rods, shapes, 
and forgings for boiler bracing when in contact with the fire: T. S. 
50,000 to 58,000 pounds, elongation 26 per cent. All other bracing: 
T. S. not less than 65,000 pounds, elongation 24 per cent. The 
usual cold bending and quenching tests follow. 

The great economy of fuel in high-pressure boilers has been a 
powerful incentive to stronger shells and furnaces. Our new 
cruisers, with boilers 15’ 9” in diameter, working under pressures of 
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160 pounds per sq. in., show how far in this direction our engineers 
have progressed. The factor of safety has suffered a reduction, but 
the excess of strength is still very large. Boilers designed for eighty 
pounds pressure were supposed to have a factor of safety of nearly 
five. To require a similar factor from a boiler designed for one hun- 
dred and eighty pounds is excessive. Testing such boilers to over 
twice the working pressures might result in distressing the boiler or 
fatiguing the metal. No matter what the ultimate strength may be, 
no boiler should ever be subjected to a pressure beyond its elastic 
limit. There is a possible danger in using extremely wide plates for 
boiler construction. Sheets over seventy inches in width are more 
apt to develop defects than narrower plates. We shall be told, in 
reply, that wide plates are preferable to so many riveted seams. We 
know that these riveted joints are not as strong as the plate itself 
should be, but we do know that their strength is nearly seventy per 
cent of the plates, and no man dares to say, not how much, but 
how /i#t/e strength there may be in a wide plate cold rolled. 

A working pressure of 160 pounds gives six tons pressure to the 
square inch on the plates, and about eight and one-half tons between 
rivet holes. As the elastic limit is but sixteen tons, it would seem 
that we had gone quite as near that limit as prudence permits. 
It will be seen what an enormous advantage has been gained in 
pressures by the adoption of such an extremely fine material, mild 
steel, and the thorough testing of each individual plate. 

Our new boilers will be fed with fresh water supplied by separate 
distillers, and the old problem of “loss by blowing” will fall into 
oblivion and cease to harass the soul of the naval cadet. 

The necessity for great margins of strength in marine boilers is 
Owing to: 1. Possible latent defects in material ; 2. errors or defects 
in workmanship; 3. exceptionally severe strains (from causes unfore- 
seen) other than those for which the boilers were designed ; 4. con- 
stant weakening caused by corrosion. 

Note.—Very few boilers ever wear out or corrode in the shell. 
The flange or furnace plate first give way, they suffering most from 
corrosion and from unequal expansions. 


ENGINES AND SHAFTING. 


Forgings are conditioned below .06 of one per cent in phosphorus, 
and only open-hearth steel is used. All forgings must be annealed 
and after annealing show T. S. from 58,000 to 67,000 pounds, with 
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an elongation of at least 25 per cent. Quenching and cold-bending 
tests are also required. The low tensility with the good elongation 
should ensure a metal possessing great vibratory endurance. Each 
section of shafting is tested separately. For crank and wrist pins 
tensile strength of 80,000 pounds is required and an elongation of 
12 percent. With the recent tremendous increase in size and power 
of rolling and cogging mills there seems no reason why rolled shafts 
should not be made. At least one mill in the United States is 
capable of rolling sections of 22x22” from ingots weighing fifty tons 
each at one heating. The many objections against hammer-forged 
material, especially when the object is too long for simultaneous 
heating, are well known. I am aware of no advantage gained by 
hammering over rolling, and there are grave drawbacks in the con- 
dition of large sections hammer-forged. A shaft that, by rolling at 
one heat, has suffered the same mechanical reduction and compres- 
sion, must have its molecules in a more perfect state of rest thana 
shaft which has been broken down step by step through successive 
hammerings and local heatings. 

In annealing forgings or castings nothing is gained by exceeding a 
temperature above bright cherry red. This color temperature per- 
mits free intermolecular movements, and a higher degree of heat 
may very possibly render the steel harder on cooling. 

ANCHORS. 

The anchors now making have cast-steel crowns and flukes, with 
forged wrought-iron shank. The type adopted has no stock. The 
requirements for the cast steel are, after annealing, T. S. 60,000 
pounds ; elongation in 8 inches, 15 per cent; conditioned in phos- 
phorus, .06 of one per cent. These anchors weigh 6500 pounds and 
7500 pounds. The increase in strength over the best iron anchors 
exceeds 35 per cent. No attempt has been made to reduce the 
sections, as loss of weight would be a positive decrease of efficiency. 


CHAINS. 


The navy iron chains now made at the Boston Navy Yard have 
always borne a high reputation for reliability, though instances are 
known of their parting in the welds. I am not aware of any steps 
taken to introduce steel in place of iron. I can see no reason why 
such substitution should not be made. The steel bars from which 
such chains should be made are as reliable as iron bars or rods. 
With the introduction of electric welding the only serious objection 
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to their adoption has passed away. - The great gain in elastic limit, 
elongation, and ultimate strength cannot be denied. Composed of 
mild steel, no more trustworthy material could be found. As to 
cast-steel chains, they have been made with apparent success in 
England and France. We have none of domestic manufacture. 


STEEL RIGGING AND ROPES. 


For standing rigging, galvanized steel wire is used. The require- 
ments are: T. S. 160,000 pounds; elongation in ro inches, 1.5 of 
one per cent; elastic limit, 80,000 pounds. In addition, vibratory 
tests are prescribed as follows: angle of vibrations, 40°; number of 
vibrations, 1300. 

For running rigging, such as topping lifts, wheel ropes, lifts, etc., 
galvanized annealed steel wire is preferred. The requirements are: 
T. S. 75,000 pounds; elongation in 1o inches, ten per cent; elastic 
limit, 38,000 pounds ; angle of vibrations, 40°; number of vibrations, 
500. These tests tell their own story as to the material. 

STEEL FOR GUNS. 

The Bureau of Ordnance requires for the new, high-powered, 
breech-loading rifles, steel of open-hearth process. With the excep- 
tions of the trunnion bands and elevating bands, all parts of the 
gun proper are forged steel. The trunnion band is of cast steel and 
the elevating band of wrought iron. The manufacturer of the steel 
is required to discard thirty per cent of the top of the ingot and five 
per cent of the bottom. This gives a more solid, uniform and homo- 
geneous section than if the whole ingot was taken, as the greatest 
segregation is in the top center of an ingot. 

Tubes, jackets, and hoops are required to be made from solid 
ingots, which are afterwards bored. For tubes the bored ingot must 
be reduced fifty per cent in thickness; plugs and mushrooms the 
same. The jacket is reduced forty per cent and the hoops at least 
thirty-three per cent. All forgings and the trunnion band must, after 
forging is completed, be annealed, oil-tempered, and again annealed. 
The virtual requirements as to physical qualities are: 


T.S. Elastic limit, Elongation, 2 in. 

Pounds Pounds. Per cent. 
Tubes, 70,000 to 80,000 33,000t0 38,000 12to 22 
Jackets, 74,000 to 85,000 34,000t0 40,000 12to 20 
Hoops, yO,000 tO 100,000 = 45,000 to §0,000-~— «12 to 18 


Trunnion bands, 80,000 to 90,000 36,000 to 40,000 6to 12 
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The tubes, jackets, and hoops are forged closely to dimensions, but 
the trunnion band is cast with fifty per cent waste metal in the mould, 

The hoops and jackets are bored first, and the exterior of tube and 
jacket afterwards turned to the same dimensions plus the shrinkage, 
The jacket and hoops have each shrinkages assigned, varying with 
variations of the physical qualities of the steel of which they are 
composed. These shrinkages run from .009 of an inch to .026 of an 
inch, All shrinkage surfaces are turned and bored to .oo1 of an inch, 
To assemble the parts it is necessary to expand the jackets and hoops 
by heat. The requisite expansion is obtained by heating them over 
a wood fire. The tube is kept cool by water circulation. The jacket 
being assembled, hot, is kept from shrinking back longitudinally by 
running cold water on the forward end, thus locking it there. The 
gun is hooped to the muzzle; the chase hoops, three in number, being 
long and tapered. The trunnion band screws in place and is locked 
with a set pin. The compression obtained on the bore of the tube 
by the jacket and chase hoops is about .006 of an inch. The breech 
hoops shrunk over the jacket increase this to a total compression 
of about .o10 of aninch. The tempering has already established in 
tubes, jackets, and hoops a state of compression, and by the shrinkage 
obtained we have largely increased the elastic limit. More than in 
any other steel structure, this elastic limit in a gun is the true criterion 
of its strength. Exceed it, and the gun is deformed, and the slightest 
deformation in a gun is fatal. The longitudinal clearances of the 
hoops and jacket, after assembling, are very small. The total clear- 
ances of the jacket, D, E, F, and G (which constitute all the hoops 
in contact with the tube), frequently amounts to less than .o10 of an 
inch. The breech mechanism is all steel of the DeBange system. 
The guns have proved their excellence, and their endurance is great. 
The Navy is fully committed to built-up guns, and it is to be con- 
gratulated on the prospect of soon possessing such efficient weapons. 
The 6-inch and 8-inch calibers are now afloat. Of the 10-inch we 
have as yet none of domestic manufacture. With the completion of 
the Bethlehem, Pa., hydraulic forging works the present year, we 
shall be prepared to turn out calibers of 10-inch, 12-inch, and 16-inch. 


STEEL CAST GUNS. 


Under act of Congress, two 6-inch steel cast guns, weighing about 
5% tons each, have been offered for statutory trial. The first to be 
tried was of Bessemer steel, cast by the Pittsburgh Steel Casting 
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Company. About twenty thousand pounds of metal were poured, the 
gun being cast solid. After rough-boring, the gun was first annealed, 
then tempered by a peculiar and unique process, and again annealed. 
After rifling at the Washington Yard, the gun was taken to Annap- 
olis for prescribed trial. This condition imposed ten rounds in quick 
succession. The charge was to be sufficient to give a muzzle velocity 
of 2000 foot-seconds to a 100-pound projectile. A preliminary blank 
charge being fired, the gun was loaded with forty-eight pounds of 
brown prismatic powder and projectile. The gun went to pieces 
abaft the trunnions, the bursted segments completely wrecking the 
heavy 12-inch timbers built over and around it. The pressure gauge 
indicated fourteen tons. As ihe usual energy of such a charge is 
fifteen tons, it is evident that the walls of the gun gave way before the 
gases had been fully evolved. 
The physical characteristics of the metal were: 


T. &. El, L. Elongation, 
Pounds, Pounds, Per cent in 2 inches, 
Breech, long. 89,686 51,693 9.75 
3 trans. 73,236 57,290 0.60 
Muzzle, long. 81,185 40,461 18.00 
“> trans. 79,174 41,500 16.50 


The wide variations and almost total absence of elongation in the 
transverse breech specimen are full of significance. It will be noted 
that the breech specimens are very unsatisfactory, and when it is 
known that the gun was cast breech up, of indifferent metal, with an 
utterly insufficient sinking head, the reasons for the poor quality are 
evident. A careful chemical analysis of the borings and turnings of 
this gun, taken every two inches along the length, constituted prob- 
ably as good an instance of lack of homogeneity and segregation as 
can be found in any record. That such a gun should enter the lists 
and go upon any record as an exponent of any steel cast system is 
worse than a travesty. Its utter failure has proved that poor steel, 
poorly treated, cast without any of the usual safeguards, and after- 
wards annealed, tempered, and annealed again by a process which 
was as strange to the manager as it was to the metal, will not bear 
strains which call upon the best steels for all their strength and 
elasticity. 

With regard to the second steel cast gun the case is different and 
the results important. Cast by the Standard Steel Casting Company 
of Thurlow, presumably of the best material, and with every precaution 
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their large experience could suggest, it can be considered as a fair 
exponent of the cast-steel system. The gun endured the ten statu- 
tory rounds without rupture, but the serious enlargement of the bore, 
as evidenced by subsequent gauging, is conclusive. The elastic limit 
of the metal has been exceeded, and the gun, for ordnance purposes, 
irreparably injured. The trials of these two guns prove that, for the 
present at least, we must rely upon the system of built-up guns now 
adopted. 

The trials in Sweden of the 3.2-in. and 4.3-in. steel cast rifles, with 
pressures from ten to thirty-five tons per sq. in., show that the 
system can be made successful for small calibers at least. It is use- 
less to go over the well-worn arguments of built-up versus steel cast 
guns. Certainly the built-up advocates have the best of the argu- 
ment and the facts. Still, 1 hazard little in saying that the question 
may assume a different aspect with the improvement in castings. 
At best, hammer-forging is brutally severe on steel, and the dozen 
parts which go to constitute the presént high-powered rifle may be 
reduced in number without loss of strength. 

The present system has as a strong support in its favor, the prac- 
tical impossibility of incorporating bad steel in any gun, and with the 
completion of the new shop at the Washington Yard, the Ordnance 
will be able to supply all the probable wants of the Navy. 


GUN CARRIAGES, 


As to the carriages now in use there is nothing to be said, they 
not being of steel. A new carriage—the pneumatic gun carriage—is 
now being tested at Annapolis, whose parts are all of steel, and 
which, in a degree, is dependent upon the strength and ductility of 
that metal in the sudden and violent strains to which a carriage is 
subjected. A few rounds have been successfully tried with an 8-inch 
rifle, and without forestalling the action of the board, we can safely 
Say it promises well. 

As designed for 8-inch B. L. R.’s, the weight is 16,000 pounds. 
{Bureau’s hydraulic carriage, 8 inch, weight is 20,000 pounds.] 
Every part is of steel. The slides are horizontal, and the downward 
strain is taken entirely from the deck, excepting the component due 
to impact. The strain from the recoil is taken up 7m /ine with the 
horizontal side-cheeks and pulls directly on pintle. In the 8-inch 
carriage the initial air-pressure in the recoil cylinders is 250 pounds 
per square inch. The mean pressure during recoil is 729 pounds, 
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and the maximum pressure at end of recoil is about 1900 pounds. 
The length of recoil is two feet. Any shorter recoil desired can be 
secured by increasing the initial pressures in the cylinders. The 
carriage is trained and the gun elevated and depressed by one man 
standing at the rear. The extreme elevation is 18° and the greatest 
depression 5°. Hand power can be used for this purpose when 
desired. The air for the cylinders is furnished by an engine and 
compressor below decks, but the recoil cylinders once charged need 
no further attention, a hand-pump serving to recharge in case of 
leakage. 

The air, at a pressure of 80 pounds, for working the training and 
elevating engines, must be kept supplied by the compressor below. 
[The experience on board the Atlanta as to working 8-inch guns 
by hand should be conclusive as to the need of power.] 

The recoil cylinders have no valves, the difference in diameter 
between the piston and the cylinders allowing the air to pass from 
rear to front of piston in recoiling. By this means excessive pressures 
are avoided, though the cylinders are designed for 4000 pounds per 
square inch. The counter recoil is checked by the air passing from 
front to rear. The difference in area between piston face and back 
(the area of back being diminished by the area of piston rod) is suf- 
ficient to bring the gun always back into battery. The serious 
dangers of using compressed air under pressures varying from four 
hundred to two thousand pounds per square inch on open battery 
decks, the probabilities of leakage, and the possibilities of an enemy’s 
shell, are disadvantages of all pneumatic systems. 

In this somewhat rapid survey of Navy steels, no mention has been 
made of machine guns, small arms, torpedo outfits, or a hundred 
minor uses. Stress has been laid more upon general methods and 
treatment than special applications. The growing severity of the 
specifications will be noted, and the Navy is to be congratulated that 
these are constantly above and beyond commercial demands. 
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REMARKS (ON BOARD THE U.S. F. PRESIDENT, COM- 
MODORE RODGERS), MADE BY M. C. PERRY. 


The following extracts are taken from the original Remark Book 
of M. C. Perry, kept by him while attached to the U. S. frigate 
President, under the command of Commodore Rodgers during the 
years 1811-12 and 1813. Only those parts thatare of special interest are 
given, such as the action with the Little Belt, the pursuit of the Bel- 
videra, and the chase of the President by a line-of-battle ship and a 
frigate. While these remarks are very concise, they evidently con- 
tain the impressions of the writer at the time the affairs mentioned 
took place, and are therefore valuable as historical evidence. In the 
case of the Little Belt they show that while Commodore Rodgers was 
cruising in Chesapeake Bay he heard of an American vessel being 
boarded by a British sloop-of-war, and he was evidently searching 
for the Little Belt when he fell in with her. According to the 
remarks, the Little Belt fired first, but it is evident that Commodore 
Rodgers was anxious and willing to punish her for attempting to exer- 
cise the so-called “ right of search.” The account of the chase of the 
President by a line-of-battle ship and a frigate is peculiarly interesting, 
as it supports the letter of Commodore Rodgers on the subject, and 
entirely controverts James’ account of the same affair. Roosevelt, in 
“The Naval War of 1812,” seems to feel obliged to adopt the account 
of James because the latter professes to quote from the logs of two 
British vessels, the 32-gun frigate Alexandria and the 16-gun sloop 
Spitfire. James declares a mistake to have been impossible, and that 
Commodore Rodgers knew the force that was pursuing him—in fact, 
was a coward. Roosevelt admits the truth of the supposed logs and 
arrives at the conclusion that Rodgers was mistaken in the force, and 
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that he was over-cautious in not standing sufficiently near to ascer- 
tain the strength of the enemy. This verdict of over-caution is the 
more severe because of the able and judicial character of Roosevelt's 
deductions. It does seem almost impossible to believe that James 
could have deliberately invented these logs, and yet Roosevelt has 
clearly shown how he always misrepresents the facts and falsifies his- 
tory so as to vilify the Americans. James shows a vicious animosity 
against all of the American naval officers, and especially so against 
Commodore Rodgers because of the punishment he administered to 
the Little Belt. M.C. Perry, then a lieutenant, confirms the account 
given by Commodore Rodgers ; his high reputation is too well known 
to imagine that he would falsify willfully his personal remark book. 
It seems impossible that either he or Commodore Rodgers could have 
mistaken a 32-gun frigate for a line-of-battle ship at the distance of 
seven miles in clear weather, or a 16-gun sloop for a frigate when 
within five miles. All Commodore Rodgers’ history shows that he 
was not over-cautious. He assumed great responsibility in seeking 
out the Little Belt; he pursued the Belvidera, a 36-gun frigate, and 
would have captured her but for the bursting of one of the guns, by 
which he was wounded. This account must brush away the cloud 
which has been allowed to rest on one of our great naval names, and 
James’ account must be accepted as still further evidence of his moral 
obliquity. The remarks commence Tuesday, March ro, 1811, and 
end July 25, 1813. Matthew Calbraith Perry became a midshipman 
on January 16, 1809, and a lieutenant on July 24, 1813. His con- 
nection with the opening of Japan is well known to his countrymen. 


R. W. 
ACTION WITH THE LITTLE BELT. 


May 15, 1811.—Commences with light breezes and clear. At 2 
came to in 54 fathoms, Cape Henry light bearing west, distant about 
seven miles. Sent the pilot (Mr. Jones) on board the ship Madison, 
bound for Baltimore. At half-past five got under way and stood to 
sea, Cape Henry lighthouse bearing W4S, distant nine miles. At 
10 spoke the brig Sally and supplied her with provisions and water. 

May 16.—Commences with moderate breezes and pleasant weather. 
At 3.30 spoke a schooner from Philadelphia bound to Wilmington. 
Soundings from 17 to 19 fathoms. Ends moderate and pleasant. 
Nine sail in sight. 

May 17.—Commences with light breezes from the northward and 
eastward, with clear, pleasant weather. At half-past twelve tacked to 
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the southward and eastward. At1 P.M. discovered a strange sail 
standing for us under a large press of sail and bearing ESE. In 
about five minutes she displayed her signal. We hoisted our ensign 
and pennant and cleared ship for action. At 2 the above-mentioned 
vessel, not finding her signal answered, wore and stood to the 
southward and westward, and set her larboard lower studding-sail. 
At 2 beat to quarters. At 4 P. M. moderate and clear, the chase 
bearing SE, distant about ten or twelve miles, making sail gradu- 
ally. At6 the chase appeared to haul about a point to the south- 
ward; at 7 P. M. she took in her studding-sails, distant about eight 
miles, and at ten or twelve minutes past seven she rounded to 
on the starboard tack. At half-past seven we shortened sail, and 
at half past-eight rounded to on her weather beam, within a cable’s 
length of her. Hailed and asked “ What ship is that?” to which 
she replied, ‘‘ What ship is that ?” and on the commodore’s repeat- 
ing his question, we received a shot from her, which was imme- 
diately returned from our gun-deck. This was hardly done before 
she fired three other guns, accompanied with a volley of musketry. 
We then commenced a general fire, which lasted about fifteen 
minutes, when the order was given to cease firing, our adversary 
being silent and apparently in much distress. At 9 hauled on a 
wind on the starboard tack, the strange ship having dropped astern 
so far that the commodore did not choose* to follow, supposing he 
had sufficiently chastised her for her insolence in firing into an 
American frigate. 

We kept our battle lanthorns burning, and after having examined 
the damages, found that the ship had her foremast and mainmast 
wounded and some rigging shot away, and one boy wounded. 
Before daylight the masts were fished, woolded and painted, and 
everything a-taunto. At 5 A.M. discovered the strange sail, bearing 
SSW, distant about seven miles. Set the foresail and bore down 
for her; at 8 came alongside and sent a boat aboard of her. She 
was lying in a very shattered situation—no sails bent, except her 
maintopsail; her rigging all shot away, three or four shot through 
her masts, several between wind and water, her gaff shot away, etc. 
At 9 the boat returned. The stranger proved to be the British ship- 
of-war Little Belt, Captain Bingham. We permitted her to proceed 
on her cruise, hoisted the boat, and hauled by the wind on the 
larboard tack. 

* A supposition.—M. C., P. 
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(The interval till June 21, 1812, was passed in cruising along the 
eastern coast, between the Chesapeake and Newport, R. I., with 
occasional short stays in port.) 


PURSUIT OF THE BELVIDERA. 


New York, June 20, 1812.—At 10 A. M. news arrived that war 
would be declared the following day against Great Britain; made 
signal for all officers and boats, unmoored ship, and fired a salute. 

Florse Shoe, Sandy Hook, June 22.—At half-past three P. M. 
crossed the bar in company with the frigates United States and Con- 
gress and the sloops Hornet and Argus, the Hornet just from the 
city with news of the declaration of war against Great Britain. At 6 
spoke a pilot-boat, who informed us there was an English armed 
vessel to the northeast. Made all sail in chase, and at 8 fired a shot 
ahead and brought to the stranger, who proved to be the American 
ship Powhatan, bound to France with General Moreau passenger. 

June 23.—Nothing remarkable these twenty-four hours, except 
speaking a brig, who informed us that four days before she had 
spoken a fleet of English merchantmen, consisting of thirty sail, from 
the West Indies bound to England, and convoyed by a frigate anda 
sloop. At 8 A. M. discovered a strange frigate to windward, 
standing from us. MHauled our wind and made all sail in chase. 

June 24.—Moderate breezes and clear. At half-past twelve the 
chase hoisted English colors, and the wind hauling, she set her 
steering sails and stay-sail. At quarter-past four, having come 
within gun-shot of the chase, and observing that she was training her 
stern-chasers on us, we commenced firing with our bow guns. She 
immediately returned our fire with her stern-chasers. We then 
yawed and gave her the larboard and starboard broadsides, and 
continued the fire from our bow guns, the Congress (the nearest 
ship) being about three miles astern. At three-quarters past four 
the starboard bow gun on the gun-deck burst, and killed and 
wounded a number of men, John Rodgers, Esq., commander, Thos. 
Gamble, lieutenant, M. C. Perry, midshipman, and eleven men 
being wounded, and Midshipman John Taylor killed. 

At 5 the chase commenced a fire from her gun-deck, but without 
effect. Gave her two or three broadsides, when, finding herself in a 
desperate situation, she threw overboard everything at hand to 
lighten her. Among the articles thrown over we observed pass us 
four boats very much shattered, a number of planks, spars, and 
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barrels, and this enabled her to drop us so fast that in a short time 
she was out of gunshot. We, however, continued the chase until 
11 P. M., when we shortened sail, having been exposed to the raking 
fire of the enemy’s four stern-chasers for about two hours and thirty 
minutes. Our killed were John H. Bird, midshipman, and one 
marine; our wounded, L. Montgomery, midshipman, and four men, 
one of whom since died. 

Latter part clear and pleasant. All hands employed repairing 
damages. Committed the bodies of Midshipmen John H. Bird and 
John Taylor to the deep. 


CHALLENGE OF THE SHANNON AND TENEDOS. 


May 1.—At 2 Boston lighthouse bore by compass WSW,, distant 
4leagues. At 5 P. M. Thatcher’s Island lights bore by compass W 
by N, distant about 3 leagues. Discharged pilot. 


Note.—On our leaving Boston we saw everything cleared for 
action, expecting to fall in with the British frigates Shannon and 
Tenedos, vessels that a few days previous to this had appeared off 
our harbor, well knowing we were not ready for sea. We, however, 
supposed that it would not be consistent with the British pride for 
them to withdraw themselves after having sent so many messages to 
Commodore Rodgers. We had the mortification, however, to find 
on our gaining the offing, that even their pride and self-conceit could 
not compel them to keep their cruising ground. 


Guns. Men. 

Frigate President, .... . 55 450 
”- CO «ws ee 420 

‘* Shannon, 54 500 
Tenedos, 54 500 


THE PRESIDENT CHASED. 


July 18.—At 6.30 P. M. the North Cape bore by compass SE by 
E, distant about 7 leagues. At 11.45 P. M. (North Cape bearing 
east) discovered a strange sail. Made sail in chase. At 3 captured 
the English brig Daphne, from South Shields to Archangel, in ballast. 
Took everything of value out of her, and sank her by firing three of 
our quarter-deck guns loaded with round shot and grape. Dis- 
covered a strange sail in under the land. Made all sail in chase. 
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July 19.—The chase fired two guns and hoisted signals. At 1.35 
she hove to, proving to be the American privateer schooner Scourge, 
Nichols, commander, from New York, on a cruise. At 3 A. M, 
(Scourge in company) discovered a strange sail bearing N by W, 
Made sail in chase. At 5 spoke a Russian ship from Archangel 
bound to Norway. 

July 20.—At 4 P. M. discovered two strange sail bearing WSW, 
Made sail in chase. Light winds. At7 P. M. found the strangers 
to be a line-of-battle ship and a frigate, standing on a wind to the north- 
ward and eastward. Took in studding-sails and hauled by the wind, 
At 8.30 tacked to the northward and westward, the strangers tacking 
at the same time (Scourge in company). Latter part pleasant, 
Strange sail still in chase of us. Lat. 71° 49’ N. At meridian the 
strange sail bore by compass SE#E, distant about four leagues, 
Found that they were gaining, owing to their having a much larger 
number of light sails. The Scourge hauled off to the westward and 
we lost sight of her. 

July 21.—Strange sail coming up fast. Wet our sails, cleared ship 
for action, and got the stern-chasers out. Under all sail. Strangers 
still coming up. At 12.15 gained considerable ground on them by 
a very handsome manceuvre, having a fine breeze, with studding- 
sails set on both sides, the enemy on our larboard quarter. Edged 
a little to starboard, and they, perceiving this, hauled to starboard a 
little. In a moment we took in starboard studding-sails, jibed ship, 
and luffed athwart the enemy’s bows.* Breeze leaving the enemy 
fast, the foot of their topsails just discernible from the deck. At six 
lost sight of the strangers. At 10.30 discovered them again. 

July 22.—At 4 tacked to the northward, the enemy bearing 
NE#E. At 4.45 tacked to the southward and westward; enemy 
gaining on us. From 4 till 8, light breeze and thick, hazy weather ; 
enemy coming up fast, having the advantage of a fine breeze. Saw 
everything clear for action. At 11 A. M. getting the breeze that had 
favored the enemy. Dropped them fast. At meridian the enemy’s 
frigate bore E by N, distant about five miles. The line-of-battle ship 
N by E, distant about seven miles. 

July 23.—Enemy still in chase of us. At 8.45 hoisted American 
colors and fired a gun to windward. Took in royals for the frigate 


* Had a double motive for hauling to the westward. We were fearful of 


running into the ice. 





























REMARKS BY M. C. PERRY. 345 


to come up; but she avoided us by standing for her consort, who 
was considerably astern. At 10 lost sight of the two strange sail. 
July 25.—Captured the British whale-ship Eliza Swan, from the 
coast of Greenland, bound to Montrose, Scotland, 8 guns and 48 men. 
Put all our prisoners on board of her (numbering thirty-two) on 


parole. Ransomed the ship. 


The following extract from the journal of Lieutenant Raymond 
Perry gives additional and conclusive proof of the truth of Commo- 
dore Rodgers’ account of the President being chased by a line-of- 
battle ship and a frigate: 


JOURNAL OF A CRUISE ON BOARD THE U. S. FRIGATE PRESIDENT, 
44 GUNS, COMMODORE RODGERS. 


Tuesday, July 20, 1813.—Moderate breezes and cloudy. At 4 
P. M. discovered two strange sail bearing WSW, apparently within 
a mile of each other. Made sail in chase. At 7 P. M. made the two 
strange sails out to be a line-of-battle ship and frigate standing on a 
wind to northward and eastward. Took in our studding-sails and 
hauled on a wind. Made signals which were not answered. At 7.45 
tacked to the northward and eastward. The Scourge tacked at the 
same time. At 8.30 tacked to the northward and westward. The 
two strange sails tacked also. At 12 light winds and variable. The 
strangers in pursuit under a press of sail, at meridian light winds, 
distant 4 leagues. Latitude, ob. 71° 49’; longitude— 

Wednesday, July 21.—Light breezes from the eastward, and clear. 
The two strange men-of-war in chase of us, hull down. At half-past 
two P. M. the foot of their topsails just discernible; at six lost sight 
ofthem. At — discovered Cherry Island, bearing N by E, distance 
8 or 9 leagues ; tacked ship; discovered the two ships of war bearing 
S by E. At meridian, moderate breezes and cloudy. The twoships 
of war in sight, bearing SE. Latitude by obs. 73° 47’; longitude— 

Thursday, July 22.—Moderate breezes and cloudy. At 4 tacked 
to the north; 2 ships of war in sight. At 11 could see but one of 
the men-of-war from the deck. From 4 till 8 A. M. light breezes, 
thick and hazy. At 10 the strange ships coming up with us, the 
smallest ship the headmost vessel, and both their hulls in sight from 
the deck. All hands employed clearing ship for action, getting 
stern-chasers in readiness, etc. At half-past ten, catching light breeze, 
appeared to hold our own. At meridian, light breezes from the N 
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and W. The men-of-war in pursuit, distance about 2+ leagues, 
Latitude by D. R.—; longitude— 

Friday, July 23.—At meridian, light breezes and clear. The two 
ships of war in chase of us, their hulls in sight from the deck. At 8, 
fresh breezes, dropping the two ships of war. At 45 minutes past 8 
hoisted our colors and fired a gun to windward. At quarter before 
10 the nearest ship furled her royals and luffed up, apparently to join 
her consort. Furled our royals at 10 A. M.; lost sight of them, 
Mer. under press of sail. 

Saturday, July 24.—Begins with moderate breezes and cloudy. 
Under a press of sail. Lost sight of the two ships of war. At 45 
minutes past 11 discovered a sail bearing SW by W4W;; at meridian, 
moderate breezes. Latitude by D. R.—; longitude— 

Sunday, July 25.—Fresh breezes and cloudy ; all sails set in chase. 
At half-past 1 the chase hove to. At 45 minutes past 1 the chase 
filled away under a press of sail; made sail after her. At half-past 2 
brought to board and captured the English ship Eliza Swan, from a 
whaling voyage bound to Montrose, mounting 8 guns and manned 
with 48 men; John Young, master. Ransomed her for 5000 pounds 
sterling. Sent on board of the prize 3 masters, 3 mates and 22 sea- 
men, the crews of former captures on their parole; filled away and 
made all sail. The prize filled away and steered SW. At meridian, 
fresh breezes and thick, hazy weather. Latitude, by obs. 65° 35’. 
Longitude— 
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CRUISE OF THE U. S. SLOOP-OF-WAR VANDALIA IN 
THE PACIFIC IN 1858, UNDER THE COMMAND OF 
COMMANDER ARTHUR SINCLAIR, U. S. N. 


The following extracts from the private letters of Commander 
Sinclair were furnished by his son: 

Nuka Hiva, August 5, 1858.—Just as I was about getting under 
way for Tahiti, a boat was reported to me entering the harbor with 
an American flag flying, and in her four men. She came alongside, 
and in her were the captain, chief mate, and two men of the Amer- 
ican clipper-ship Wild Wave, of Boston, bound from San Francisco 
to Valparaiso, wrecked on the 4th of March last, on the island of Oeno, 
lat. 24° S., long. 130° 41’ W. 

The captain informed me that he had left on the island, a little spot 
scarcely larger than this ship, 38 of his crew. The ship had not, 
when he left, gone to pieces, and they were employed in endeavoring 
to save as many provisions from her as possible to subsist on. He 
left five months ago in search of assistance, and was again cast away 
on Pitcairn’s Island, just to the southward, and there remained four 
months. 

Pitcairn’s Island was once inhabited by the mutineers of the 
Bounty, but all have removed to Norfolk Island, leaving behind them 
a plenty of fruit and vegetables, upon which the captain and his party 
subsisted until they built the little boat in which they came over to 
Nuka Hiva, a distance of one thousand or more miles. 

The captain is a married man with one child, and miserable, of 
course, about his poor wife, as of course she has had no tidings of 
him for six months, and will take it for granted he has perished long 
since. He also tells me that he had the remains of his brother on 
board, who died at San Francisco, and he was taking him home for 
burial, for the sake of his aged parents, who reside in Massachusetts. 
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Poor man! he is entirely destitute, but nothing seems to trouble 


him so much as his wife and her anxiety about him, and his eyes 
brim up upon all occasions at the mention of her. I have made him 
very comfortable in my cabin, and got immediately under way for 
Tahiti, where he may have a chance of getting home by the way of 
San Francisco, or at any rate of writing. The mate and two men] 
shall take with me down to the island in search of their companions; 
shall stop only a few hours at Tahiti to fill my water and wood, 
Should I find them, shall have a large addition on board, and shall 
require all the water I can carry and provisions also. 

I also found and have on board three distressed American seamen 
from Nuka Hiva, who were left there by an American whale-ship, so 
you see I am doing good ina small way, and am compensated ina 
measure for the loss of my letters. 

Going to this island will not defer my arrival at San Francisco 
much, as I shall necessarily have to give up some of the places 
named in my orders. The captain found on Pitcairn’s Island a 
sermon left by the people when they departed, from this text, “ The 
Spirit and the bride say,Come.” They found the island too small for 
their increase of population and abandoned it. He was very near 
landing on his way on an island near Nuka Hiva, but fortunately did 
not, as they are all cannibals and would certainly have eaten them. 
They had a human sacrifice there but a few days ago of their own 
women and children. The captain says it is impossible to imagine 
his feelings upon the discovery of the American flag waving on 
board the Vandalia as he entered the harbor—only one vessel in port, 
and that a ship of war of his own country, and fully able to protect 
and assist him. 

I think we can all enter fully into his joy. Thank God that he has 
been pleased to place me here and make me the source of his delight 
and that of his now wretched family. He saved from the wreck 
$13,000, which I have on board in gold, and although he was only a 
few hours at Nuka Hiva, sold his boat, which I could not stow, for 
$240 to one of the missionaries of the island. 

At sea, August 7.—I think the captain will leave at Tahiti. He 
seems anxious about his family. His name is J. N. Knowles, chief 
mate J. F. Bartlett, seamen William Teele and Wm. F. Clayton. 
You had better drop the captain’s wife a line. Her residence is 
Brewster, Mass. Captain Knowles tells me he found plenty of every- 
thing on Pitcairn’s Island, and a lovely spot it is. Hecut the timber 
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of which his boat was constructed from the woods, and burnt several 
of the houses on the island to get from them the nails which he used. 
The tools he found there. God has*certainly been with him through 
all his troubles. 

Tahiti, August 11.—Arrived yesterday and sail to-day to the 
relief of those poor men. None of them have arrived. Another 
vessel was wrecked, not an American, and all hands eaten up by the 
natives. A poor woman on shore here had two children on her. I 
shall send this by a French ship-of-war to Honolulu. The captain 
does not go down with me, but his mate and men will. I am driving 
up things with a rush. Shall return here, and you will hear from me 
again, I hope, before I go to the other islands. 

At sea, August 13.—God is certainly with us, as right in the region 
of head-winds I am going on my course nine knots. I fear our great 
trouble will be to get them off the island, as it is entirely surrounded 
by a reef with a frightful surf on it, a mile and a half from shore, 
and no opening through, even for a boat; but the danger must be 
encountered if they are alive and there. I have many plans in my 
head, and one is to send casks in with stout lines from boats outside, 
with life-preservers on them, and haul them through the breakers. 
The mate says the breakers are tremendous and a boat would stand 
no chance; but God will, as he has ever done, protect us. This 
island has wrecked a number of vessels. The captain saw some pass 
there while on the island. Captain Beechy of the English navy 
landed on it and lost one of his men. 

August 22.—As I said on the previous page, God has been with 
us. I reached here to-day after an awful spell of weather and found 
the whole party—with the exception of the boatswain, who died on 
the 7th—still on the island and well, and have gotten them, bag and 
baggage, safely on board, together with the remains of the poor 
captain’s brother, and not an accident has occurred; but, oh! such 
an undertaking, it would have made your hair stand on end to have 
seen our boats passing and repassing through the surf—all manned 
with volunteers stripped and with life-preservers on, and the ship 
lying just outside the breakers to receive them as they were brought 
off. I could not draw a long breath during the whole process, but 
thank God all is over and I have now on board thirty-seven fellow- 
beings saved from death by starvation, and am now on ‘ny way to 
Pitcairn’s Island to take on board the three left there by the captain, 
who were afraid to embark with him in his little boat. The feeling 
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of these poor creatures on seeing our ship can be better imagined 
than described. They were running about in all directions and 
making all sorts of signals to attract our attention, not knowing that 
we were after them, and as |! rounded to, close to the breakers, | 
fired two guns and ran up the star-spangled banner, the flag of their 
country. 

Oh! imagine their delight. Provisions nearly gone, and nearly 
six months upon that little lone spot in the midst of this immense 
ocean. The ship still lies upon the reef, the saddest spectacle I ever 
beheld, and the surf breaking all over her, They had just finished 
building a little boat, in which, if successful in getting through the reef, 
they were about leaving for—they knew not where. I had to leave 
her behind with her colors flying. My people left on a board on 
the island an account of the whole affair and by whom they were 
rescued. 

At sea, August 28.—On my way back to Tahiti, having found and 
taken off from Pitcairn’s Island the three men before mentioned. They 
had given up all hope of relief and gone regularly to work to culti- 
vate the land and try and support themselves. Had a plenty of 
chickens, goats, fruit of all kinds, and said if they had only had some 
women they would have stayed there altogether. Our boat came off 
loaded with suc: things as I have mentioned in the eating line, and 
any quantity of books left by the people when they vacated the 
island. I have two: bibles found on the island, and one of them 
belonging to and having the name of Catherine Christian in it—she 
being the direct descendant of the principal mutineer of the Bounty. 
I have also a beautiful little goat, and you would be amused to see it 
follow Willie around and cry after him already. They had given 
the captain up as lost and had no idea of any one being near them 
until the chief mate, whom I sent in the boat, called them by name— 
they were at work in the field. This whole affair would afford 
matter for a beautiful little history which many would be disposed to 
doubt the truth of. The second mate told me that when we were 
first discovered it was just before dark, raining hard and blowing a 
severe gale, and the man who saw us was so overcome with joy that 
he could not speak, threw his hands up, made all sorts of signs, and 
the tears streaming down his face. He was before the wreck one of 
the worst men in the ship, but has become really pious; and then 
came the tug of war to know whether we had seen them and their 
signals as we hauled off for the night. All night long in suspense 
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and burning fire to attract us, and then at daylight no ship in sight. 
All, they thought, was over, when again at sunrise we hove in sight— 
you can imagine their delight. 

I have had them all well clothed, and every comfort in the world 
or in my power bestowed upon them. They had not seen a single 
sail since their wreck—five months and eighteen days; and not likely 
they would, as it was a most dangerous place and all vessels would 
naturally avoid going near it. 

Imagine such a fix! Many other vessels, doubtless, have been 
wrecked there, as spars and such things were found, and the clasp of a 
navy sword-belt also. Captain Knowles, I trust, ere this, is well on his 
way homeward to relieve the distress of his poor wife, and how rejoiced 
he also will be to hear of my success, for I know he thought that many 
of my crew would be lost in the attempt to take them off. You 
remember that in my last letter from Panama I said, “If I only save 
one individual from distress I shall be compensated for all my trouble 
on this cruise”’; forty-three have been certainly saved from starvation 
and death, and I feel a hundred times repaid. Now that I have left 
these parts I will tell you the name of the cluster of islands I have been 
among—Low or Dangerous Archipelago, so dangerous are they con- 
sidered—all cannibals. I should not be surprised if I have to take 
these people over to Honolulu, and if so, shall get your letters. 

I shall not have provisions enough to keep them all the cruise, and 
no vessel probably at Tahiti to send them in. But good must 
certainly result from my cruise to our people out here, and it will take 
volumes to tell you all I have done and where I have been and 
passed through. I have fought against governments, restored our 
people to their homes from whence they have been driven, put them 
in possession of their property, turned an English consul and captain 
of a French brig-of-war out from my meetings with the natives for 
their interference, attacked and burnt towns, killed more than thirty 
of the savages who had killed and eaten two Americans at the island 
of Wyia Teegee, had seven of my own men wounded and one officer, 
made them sue for peace, and saved from starvation thirty-seven of 


the crew of the Wild Wave, and am taking them to their friends and 
homes. 


The inhabitants of this island have beena terror to the whole group 
for years—very fierce, perfect cannibals, and so strong as to consider 
themselves invincible. They have beaten off as many as eight or 
nine hundred of the other islanders at a time; my party, fifty-four in 
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number, had to attack them in the mountains and bushes, at an eleva- 
tion of 2500 feet above the sea level. Many of them fainted from 
heat and fatigue before they reached the top, and without water all 
the march. But they dashed into action opposed to 500 of these 
devils incarnate, singing the “ Red, White and Blue,” and planting 
the star-spangled banner on the very pinnacle, and laying the town 
in ashes ; these creatures shouting all the while like wild beasts, and 
fighting them all the way back from behind the rocks and bushes. | 
have had to take one of my wounded men in the cabin, to save his 
arm-bone shattered all to pieces. My coxswain was shot through the 
shoulder, a marine through the foot, another man through the leg, 
and the chief mate of the Wild Wave, whom I shipped as a master’s 
mate, through the foot. Caldwell commanded the expedition and 
did wonders, indeed it has been a very gallant little affair. My 
wounded are all doing well. Our consul says the visit of the ship 
has been of great service and will be felt for a long time. 

The difficulty I had with the British consul and French captain 
was at Raiatia, and from this cause. The islanders desired to give 
the islands to the United States, and had a petition to that effect drawn 
up and sent to our Government. Mr. Consul and Frenchman 
objected and got up a counter petition from a few; had the other 
signers, through fear of their governments, turned out of office and 
to withdraw their names from the first paper, and then insisted upon 
all Americans being banished from the island, which was done and 
all of them taken away forcibly by the French captain and carried to 
Tahiti. 

Our consul at Tahiti informed me of this outrage, and I immedi- 
ately took them back, placed them in possession of their property, 
and demanded their future protection, and that I would punish them 
severely if it was not granted. 

Mr. Frenchman and John Bull were still there, and insisted upon 
being present at my meetings, which I objected to and had them 
turned out. 
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ON THE EFFICACY OF OIL FOR SUBDUING THE 
VIOLENCE OF BROKEN WATER. 


By G. W. LitTLEHALEs, U. S. Hydrographic Office. 


SECTION L 
THE STRUCTURE OF SEA-WAVES. 


It is essential to the just understanding of the best methods for 
opposing the violence of waves, that the phenomena which constitute 
wave-motion be understood. It can be said with some degree of 
confidence that there is no instance in nature of a perfectly quiescent 
surface of water. Air and water are both mediums of extreme 
mobility, and the individual molecules of both, and of all other sub- 
stances,’ are continually in a state of motion, with different velocities, 
in paths different in direction and length. There is thus a continual 
interlacing of particles. When air covers water, some of the particles 
of air, in their excursions, strike the surface of the water, producing 
unequal pressures upon it, and giving rise to ripples which the vision 
is not acute enough to detect. If the original surface of the water 
were perfectly smooth, and if all parts of it continued equally exposed 
to an equal wind, waves could not be produced. But, with the minute 
corrugations which are always present upon the smoothest water, it 
is to be observed that it does not occur that water is all equally 
exposed to equal winds. The pressures of the moving air upon the 
crests and posterior portions of the minute corrugations are greater 
than those on the hollows and anterior portions. There is thus a 
tendency to heap up the water at the places of greatest pressure, which 
is augmented by the rotational or vortex motion produced by the 
viscosity of the air. These actions produce new forms and inequali- 
ties, which, exposed to the wind, generate new modifications of its 
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force and give rise to further deviations from the primitive condition 
of the fluid. Imagine an isolated example in which the water has 
been suddenly heaped up by a gust of wind. The action of gravity 
tends to force this heap to the level of the original surface, which 
causes the particles of water in the heap to push forward the 
particles immediately in front of them out of their former place 
to another place further on, and they repose in their new place 
at rest as before the original heaping up. Thus in succession volume 
after volume continues to carry on a process of displacement which 
only ends with the exhaustion of the displacing force originally im- 
pressed and communicated from one to another successive mass of 
water. As the particles of water crowd upon one another in the act of 
going out of their old places into the new, the crowd forms a tempo- 
rary heap visible on the surface of the water, and as each successive 
mass is displacing its successor, there is always one such heap, and 
this heap travels apparently at that point where the process of dis- 
placement is going on; and although there may be only one crowd, 
yet it consists of always another and another set of migrating parti- 
cles. This moving crowd constitutes a true wave. The velocity of 
the wave is the velocity with which the heap is seen to move. Its 
form is the form of the heap. Its length 1s the distance from crest to 
crest, and its height is the distance from the crest to the surface of 
the water before the disturbance. 

The motions of the individual particles of water are different from 
the motion of translation which the wave has. Consider a particle in 
a mass of water about to be traversed by a wave-form. The action 
of gravity on the heap behind it tends to press it forward where it is 
confronted by a solid wall of water. Under the action of these two 
opposite forces the particle is driven upward and forward until the 
particles which have displaced it have made room for themselves, 
then it sinks, and finally comes to rest a little in advance of the place 
from which it started. The motion of migration of each individual 
particle is thus in a closed orbit. The propagation of the wave is the 
advancement of a mere form. The actual translation of water in the 
propagation of unbroken waves is small. The motion of each par- 
ticle takes place in a vertical plane parallel to the direction of propa- 
gation of the wave. The path or orbit described by each particle is 
approximately elliptic, and, in water of nearly uniform depth, the 
longer axis of the elliptic orbit is horizontal and the shorter, vertical. 
When at the top of its path, the particle moves forward as regards 
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the direction of propagation; when at the bottom, backwards. as 
shown by the curved arrows in the accompanying figure. The 
straight arrow denotes the direction of propagation. 


D> —> 
A 


RB 


ti cian EN 


Cc 
————————— 





D 





The particles at the surface describe the largest orbits. The extent 
of the motion horizontally and vertically diminishes with the depth 
below the surface. A particle in contact with the bottom of water of 
moderate depth moves backward and forward in a horizontal straight 
line as at D. On the ocean, where the water is deep as compared 
with the length of a wave, the paths of the particles are nearly cir- 
cular, and the motion is insensible at great depths. 

When waves are first raised at sea their crests are smooth and 
rounded, as represented in Fig. 2. As the wind freshens the crests 
rise higher and become more acuminate, Rankine has investigated 
the limiting forms which waves assume before breaking, and has 

concluded that in the steep- 


<a 
ae: est possible oscillatory waves 
—<— of the irrotational kind, the 
alll Bate crests become at the vertex 
et infinitely curved in such a 
manner that a section of the crest by the plane of motion presents 
two branches of a curve which meet at an angle of >" Some years 


later Stokes concluded that the two branches of the crest are inclined 


at an angle of + - to the vertical, and at an angle of #= to each other, 


not - as supposed by Rankine. 
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After the prolonged action of the wind, when the crests of the 
waves rise to a considerable height and become sharper and sharper, 
the passage of the air over the crests with high velocity tends to 
impart its velocity tothem. Owing to the inertia of the lower masses 
of water, the imparting of this velocity is resisted. The paths of the 
particles become distorted, as shown in Fig. 3, the front of each wave 
gradually becomes steeper than the back, and the crests seem to 
advance faster than the troughs, until at length the front of the wave 
curls over and breaks, as shown in Fig. 4. 


Fic. 3. 


Large sea-waves seem to be the result of a building-up process 
carried on by the joint action of large and small waves. If, for any 
cause, there be one wave larger than those surrounding it, its size 
will be continually increased at the expense of the smaller ones. For 
these smaller waves, in passing over the top of the larger, offer 
increased obstruction to the wind and cause the formation of cusps 
when the waves coincide. The delicate equilibrium incident to a 
cusped form is easily destroyed by the action of the wind, and the 
crest of the wave breaks into fragments which go to increase the 
volume of the large wave, leaving the small ones yet smaller. 
Therefore, whatever influence prevents the breaking of waves acts 
also as an agency to prevent their increase in size. No fact of obser- 
vation and no method of sound reasoning has yet led to the con- 
clusion that the spreading of oil on the surface of water agitated by 
waves can exercise any sensible effect in lessening the size or velocity 
of the waves themselves. It is in the breaking of the waves that the 
oil finds its field of action. 


SECTION II. 
WHY OIL SPREADS OVER THE SURFACE OF WATER. 


There is an attraction of one particle of water for another, and 
there is an attraction of one particle of oil for another, but there is a 
repulsion between a particle of water and a particle of oil. If we 
attempt to mix oil and water, the two liquids separate from each 
other of themselves, and, in the act of separation, sufficient force is 
brought into play to set in motion considerable masses of the fluids. 
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Imagine an individual particle of water within a mass of water. 
The particles on every side of the individual particle attract it, and 
the attractions of opposite particles on every side tend to neutralize 
each other, so that the individual particle has almost perfect mobility. 
The surface particles, however, inasmuch as all the rest of the fluid 
is below them, are drawn inward toward the mass of the fluid, and a 
certain tension is produced. This tension is potential energy, and is 
inherent in the surface particles in virtue of their position. If we con- 
sider an oily film spread over the surface of a body of water, it will 
appear that the particles near the surfaces which separate the oil from 
the water and from the air must have greater energy than those in 
the interior of the film. The excess of energy due to this cause will 
be proportional to the area of the surface of separation. 

In a unit of area separating any two fluids, let the energy which the 
particles have in virtue of the tensions due to their positions, be 
defined as the surface energy per unit of area. 

When the area of the surface is increased in any way, work must 
be done; and when the surface is allowed to contract, it does work 
upon other bodies. Hence it acts like a stretched sheet of india 
rubber, and exerts a tension of the same kind. 


- | 





Let the equation to the curve BCA be y=/(x). Take any ordi- 
nate,as CD, whose length is y, and let the whole tension exerted 
across this line be represented by ¢, then the superficial tension is 
measured by the tension across a unit of length of y, or since ¢ is the 
tension across the whole ordinate y, if 7, which is constant, is the 
superficial tension per unit of length, g = 7y=7./(x). Suppose 
that the variable ordinate y is originally in contact with the axis OP, 
and that the surface included between the curve and the two axes is 
produced by drawing the ordinate y away from the axis OB toward 
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the right by the action of the force g. If we consider OP and DC 
which is equal to y, to be two rods wet with oil and placed between 
the curve and the axis of X, and then drawn asunder, the oily film 
BCADO will be formed. Let £ represent the superficial energy 
per unit of area. Then the work done in forming the film will be 


E f(x). dx. 


But if ¢ is the variable force required to draw the ordinate y from the 
axis Of, the same work may be written 


¢g.dax. 





Therefore 


Work = | ¢.dx=E I(x).dx, (1) 





gpm zi.f(z): 
substituting the value of ¢ in (1), 
7 | J(x).dx=E f(x).dx, 
or 7= &, 


or the numerical value of the superficial energy per unit of area is 
equal to the superficial tension per unit of length. 

Let 7,, represent the superficial tension of the surface separating 
air from oil. 

Let 7,, represent the superficial tension of the surface separating 
air from water. 

Let 7,,. represent the superficial tension of the surface separating 
oil from water. 


A Ti w 
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Let the figure represent an exaggerated picture of a layer of oil on 
the surface of a body of water. Let P be a point of the line forming 
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the common intersection of the surfaces separating the air, oil, and 
water. For equilibrium of these three media, the three tensions 7,,, 

B T., and 7, must be in equilibrium along the line of 

A common intersection, and since these tensions are 
: known, the angles their directions make with one 
another can easily be determined. For, by construct- 
ing a triangle, AAC, having lines proportional to these 
tensions for its sides, the exterior angles of this triangle 
will be equal to the angles formed by the three surfaces 





of separation which meet in a line. 

But it is not always possible to construct a triangle with three given 
lines as its sides. If one of the lines is greater than the sum of the 
other two, the triangle is impossible. For the same reason, if any one 
of the superficial tensions is greater than the sum of the other two, the 
three fluids cannot be in equilibrium in contact. 

If, therefore, the tension of the surface separating air from water is 
greater than the sum of the tensions of the surfaces separating air 
from oil and oil from water, then a drop of oil cannot be in equili- 
brium on the surface of water. The edge of the drop where the air 
meets the oil and the water becomes thinner and thinner till it covers 
a vast expanse of water. 

M. Quinke has determined the superficial tensions of different 
liquids in contact with each other and with air, and the following is 
an extract from his table of results. The tension is measured in 
grams per linear centimeter at 20° centigrade. 


Tension of surface Tension of surface 
separating liquid separating liquid 
Liquid, Specific gravity from air, from water, 
Water, 1.0000 .08235 .00000 
Olive oil, 0.9136 .03760 .02096 


Although olive oil is here taken as the representative of oils, it is 
not considered so well adapted for use at sea as some of the others. 

Whale oil seems to be the best adapted for this use, but the sur- 
face tensions of this oil do not seem to be determined. It may be 
presumed that they do not differ greatly from the values given for 
olive oil. 

SECTION IIL 
HOW BREAKERS LOSE THEIR FORCE THROUGH THE OPERATION OF 
SURFACE TENSIONS. 

Let us imagine a “ break” to occur after the surface of the water 

is covered by the oily film. For every square centimeter of film torn 
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asunder there will be destroyed .05856 centigrammeter of potential 
energy, being the sum of .03760 and .02096, the potential or surface 
energies, in centigrammeters per square centimeter, of the surfaces 
separating air from oil and oil from water; and there will be gener- 
ated for every square centimeter of free surface of water formed .08235 
centigrammeter of potential energy. Thus the mere act of breaking 
the film of oil causes an expenditure of energy, because it lays bare a 
surface having a tension greater than the sum of the tensions of the 
surfaces separating air from oil and oil from water. But there is 
a further loss of energy. Suppose, after a “break” has occurred, a 
layer of water glides over a layer of oil. The superficial energy in 
the surface separating the oil from the air, amounting to .03760 centi- 
grammeter per square centimeter, is replaced by .10331 centigram- 
meter per square centimeter, being the sum of .08235 and .02096, 
the superficial energies per square centimeter of the surfaces separa- 
ting air from water and water from oil respectively. Therefore, 
when water breaks over an oily film, there is required for the forma- 
tion of each square centimeter of a layer of water on the oily film, 
.1033I minus .03760, or .06571 centigrammeter of work. 


SECTION IV. 


HOW THE FILM OF OIL ACTS AS A SHIELD TO PREVENT THE 
DERANGEMENT OF THE WAVE MECHANISM. 


It has been pointed out that when waves are propagated across 
any body of liquid, the individual particles of the liquid describe 
closed orbits. At the highest points of these orbits, or in the crests 
of the waves, the particles are moving in the direction of the propa- 
gation of the wave. The centrifugal and centripetal forces acting 
upon each particle are in equilibrium, and, for a unit of mass, are 


ae , . , 
each equal to “z in which 7 = the radius of the orbit, and vw = the 


velocity of the particle along the orbit. 

When the wind is blowing over the waves with a velocity greater 
than the velocity of propagation, and in the same direction with it, 
the moving air tends to impart to the particles of water a velocity 
additional to the normal velocity of revolution in their orbits, causing 
the distortion of the orbits and the disintegration of the crests of the 
waves. The force which the moving air exerts to draw the water 
along with it is due to the viscosity of air. When wind blows over 
water, all the air does not pass over the surface of-the water. On 
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account of the high degree of adhesion between air and water, a thin 
stratum of air remains in contact with the water, and it is the action 
of the internal friction or viscosity of air tending to draw this stratum 
along which causes the tractive effect of wind on water. 

In the figure, 4 represents the crest of a wave, and the dotted area 
represents the air above it. Let BC repre- 
sent the stratum of air which remains in con- 
tact with the water, and let c, the distance 
between the horizontal planes BC and DZ, 
be the thickness of the layer of air which 
undergoes shearing strain when the velocity 
of the wind relatively to the velocity of pro- 
pagation of the waves is V. The air at the 
height of the plane DZ will then be moving 
relatively to the water with a velocity V, while the velocity of any 
intermediate stratum will be proportional to its height above BC. 
The rate at which shearing strain is increasing in the area between 
the planes DE and AC is measured by the velocity of the upper 








plane divided by the distance between the planes, or by — ° 
c 


Let the direction of the arrow denote the direction in which the 
wind and waves are moving. Let / denote the shearing stress, which 
is measured by the horizontal force exerted by the air on a unit of 
area of the plane AC, and acting from C toward &. The ratio of 
the force to the rate of increase of the shearing stress is called the 
coefficient of viscosity, and is generally denoted by the symbol ». 
We may therefore write: 


Peaiit (1) 
c 


Maxwell has determined » for air at 0° centigrade to be 
#2 = 0001878 (1 + .00366 0°) (2) 
the centimeter, gram, and second being units. So that 
Vv 
ze (3) 


If R is the amount of this force on a rectangular area of length a 


and breadth 4, 
R = abF = .0001878 (1 + .00366 0°) 


F = .0001878 (1 + .00366 0°) 


abV 
=e 5 (4) 


Suppose the velocity of propagation of the waves to be 15 miles 
per hour, and the velocity of the wind to be 40 miles per hour, and 
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that the thickness of the stratum undergoing shearing strain is 5 feet, 
and that the temperature is 20°. Then V= 40 — 15 = 25 miles per 
hour = 42 feet or 1280.15 centimeters per second, ¢ = 5 feet = 152.4 
centimeters, and 6° = 20°. The force exerted on each square centi- 
meter of the crest of the wave would be .0001878(1 + .00366 X 20°)42= 
.0O17 gram. 

In the above case, if the height of the wave be 10 feet and its 
length 300 feet, we have, from the following proportion which obtains 
in oscillatory wave-motion, 

mean speed of particle __ circumference of particle’s orbit 
speed of wave 7 length ot wave : 
mean speed of particle = 2.6 feet per second = 79.25 centimeters 
per second. 

There is thus, according to these moderate suppositions, a force of 
.0O17 gram acting upon each square centimeter of a surface directly 
connected with a system of particles moving in the direction in which 
the force is exerted with a velocity of 79.2 «_atimeters per second. 
When a film of oil is spread over the surfar - of the water, this tractive 
force is not brought to bear on the surf .ce of the water as long as 
the oily film remains unbroken, but acts upon the surface of the film, 
whose particles, being entirely separate from the particles of water, 
do not share their motion. The surface of the water is thus shielded 
from the action of the wind in the same manner as if a skin of india- 
rubber were spread over it, and the only action of the wind in this 
case is to move the film over the surface of the water with a force 


r 


equal to »— upon each square centimeter of surface. 
r 


SECTION V., 
THE ACTION OF A FILM OF OIL TO PREVENT THE GROWTH OF 
WAVES AND THE FORMATION OF SHARP CRESTS. 


The following passage, illustrating the mode of the formation of 
sea-waves, is taken from the Report on Waves, made to the British 
Association for the Advancement of Science, in 1842 and 1843, by 
John Scott Russell, M.A., F. R.S.: 

“ An observer of natural phenomena who will study the surface of 
a sea or large lake during the successive stages of an increasing wind, 
from a calm to a storm, will find in the whole motions of the surface 
of the fluid, appearances which illustrate the nature of the various 
classes of waves . .. . and which exhibit the laws to which these 
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waves are subject. Let him begin his observations in a perfect calm, 
when the surface of the water is smooth and reflects like a mirror the 
images of surrounding objects. This appearance will not be affected 
by even a slight motion of the air, and a velocity of less than half a 
mile an hour (84 inches per second) does not sensibly disturb the 
smoothness of the reflecting surface. A gentle zephyr flitting along 
the surface from point to point may be observed to destroy the per- 
fection of the mirror for a moment, and on departing, the surface 
remains polished as before ; if the air have a velocity of about a mile 
an hour, the surface of the water becomes less capable of distinct 
reflection, and on observing it in such a condition, it is to be noticed 
that the diminution of this reflecting power is owing to the presence 
of those minute corrugations of the superficial film which form waves 
of the third order. These corrugations produce on the surface of 
the water an effect very similar to the effect of those panes of glass 
which we see corrugated for the purpose of destroying their trans- 
parency, and these corrugations at once prevent the eye from dis- 
tinguishing forms at a considerable depth, and diminish the perfection 
of forms reflected in the water. To fly-fishers this appearance is 
well known as diminishing the facility with which the fish see their 
captors. This first stage of disturbance has this distinguishing cir- 
cumstance, that the phenomena on the surface cease almost simul- 
taneously with the intermission of the disturbing cause, so that a spot 
which is sheltered from the direct action of the wind remains smooth, 
the waves of the third order being incapable of travelling spon- 
taneously to any considerable distance, except under the continued 
action of the original disturbing force. This condition is the indica- 
tion of present force, not that which is past. While it remains it 
gives that deep blackness to the water which the sailor is accustomed 
to regard as an index of the presence of wind, and often as the fore- 
runner of more. 

“The second condition of wave-motion is to be observed when the 
velocity of the wind acting on the smooth water has increased to two 
miles an hour. Small waves then begin to rise uniformly over the 
whole surface of the water; these are waves of the second order, and 
cover the surface with considerable regularity. Capillary waves dis- 
appear from the ridges of these waves, but are to be found sheltered 
in the hollows between them, and on the anterior slopes of these 
waves. The regularity of the distribution of these secondary waves 
over the surface is remarkable; they begin with about an inch of 
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amplitude, and a couple of inches long ; they enlarge as the velocity 
or duration of the wave increases; by and by conterminal waves 
unite; the ridges increase, and if the wind increase, the waves 
become cusped, and are regular waves of the second order. They 
continue enlarging their dimensions, and, the depth to which they 
produce the agitation increasing simultaneously with their magni- 
tude, the surface becomes extensively covered with waves of nearly 
uniform magnitude.” 

Observation has thus shown that, in the generation of oscillatory 
waves, ripples or capillary waves are first formed, and that it is to 
the union of conterminal ripples and to their more abundant forma- 
tion with the increased force of the wind that the growth of waves is 
due. The existence of a certain definite tension, equal to .08235 
gram per linear centimeter, at the common surface of air and 
water has been pointed out. The water surface under this tension is 
in perfect equilibrium. 

When wind blows over the surface of a body of water, the tan- 
gential force which the air, in virtue of its viscosity, exerts on the 
surface of the water is of different degrees of intensity at different 
places, owing to the minute corrugations which are always present 
on the surface of a body of water, and to the eddying motion of the 
air. Atathe places where the tangential force is greatest, the suriace 
film of water is drawn along and heaped upon the portions of the 
surface immediately in front of them, destroying their surface tension 
or energy of position, and, by laying bare new surface in the places 
from which they are moved, generating a like amount of surface 
tension. Through this action heaps or ripples are formed, and 
surface tension is being constantly generated and destroyed. The 
formation of ripples takes place on waves already in existence in 
the same manner as upon a surface of water originally at rest, and 
by continually uniting with the larger waves, they impart those 
dangerous qualities to the wave which result from high and acuminate 
crests. 

When a film of oil is spread over the surface of the water, this 
heaping-up action, which, in the case of the water film, results in the 
formation of ripples, cannot take place. This has been demon- 
strated by the experiments of Mr. John Aitken, described in the 
Proceedings of the Royal Society of Edinburgh, Vol. XII, 1882-83, 
No. 113. 
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Let A represent the crest of a wave covered by the film of oil BC, 
and let P be a point of greatest action of the tangential force of the 
wind, which is supposed to move in the 






vb - direction of the arrow. The tendency of 
P Ree 7 this action is to drive the film into a heap 
ASOABAVAA immediately in front of P. By this action, 


a greater tension is generated in the film at 
5 and a lesser tension at a. The greater tension at 4 tends to draw 
the portion at 4’ ahead, and the lesser tension at a allows the tension 
at a’ to draw the portion at a ahead. So that, instead of a tendency 
toward heaping up, there is a tendency to move the entire surface 
film along at a uniform rate. The formation of ripples is therefore 
stopped, and the growth of the waves and the formation of “ breaking” 
crests, as far as they result from this cause, are prevented. 
































PROFESSIONAL NOTES. 


THE THURLOW CAST-STEEL GUN. 


The Act of Congress of March 3, 1887, appropriated $20,400 for three rough- 
bored and turned cast-steel 6-inch guns, and under the proposals of the Navy 
Department two guns were received. 

The first, the Pittsburg gun, of Bessemer steel, tempered, was proved at 
Annapolis, December 5, 1888. Its fate is well known, it having burst into 
numerous fragments at the first round, with service charge of 4814 pounds of 
brown powder. 

The Thurlow gun was cast of open-hearth steel, untempered, weight 13,100 
pounds. The results of the physical tests made at Washington are as follows: 


Tensile strength Elastic strength Elongation Reduction of 
per square inch. persquareinch. after fracture. area after fracture, 
Specimen, Pounds. Pounds, Per cent. Per cent, 
Muzzle: Longitudinal, 80,468 37,942 20.60 23.2 
Transverse, 80,570 38,961 18.20 30.12 
“ 81,334 38,451 18.50 27.40 
Breech: Longitudinal, 80,519 38,961 19.55 24.31 
= 80,977 38,451 19.10 27.40 
Transverse, 0,162 37,942 20.65 22.56 
. 79,246 36,414 24-75 32-43 
“ 79; 309 37,072 27.85 40.78 


The contour of the gun is a smooth curve, following in a general way the 
form of the built-up gun of the same caliber, but not showing its abrupt 
changes of exterior diameter. The trunnion band is screwed on. The exte- 
rior diameter over the powder chamber is 22.2 inches, and the diameter of the 
chamber at a corresponding point is 7.5 inches. Computing the pressure 
which the gun will endure at this point without being permanently deformed, 
using the highest elastic strength given by the tests, we find it to be, by Vir- 
gile’s formula, 13.8 tons per square inch. Using Clavarino’s formula, which 
gives a result probably much nearer the truth, we find the elastic strength of 
the gun at the same point to be 11.2tons, The ordinary service pressure for 
2000 f. s. initial velocity is 15 tons per square inch, and this pressure may be 
as much as doubled by an accident, such as the deformation of a weak shell in 
the bore, or by the powder becoming unduly quick owing to long exposure to 
a high temperature in a cruising vessel. 

Computing the bursting pressure by Clavarino’s formula, using the highest 
tensile strength given, we find it to be 23.2 tons. 

Before firing, the polished surface of the chamber showed a discoloration 
which had the appearance of a flaw, but the star gauge showed no difference of 
diameter, and there was no other appearance of any flaw. 

The statutory test of ten consecutive rounds with service charges, fired as 
rapidly as possible, took place February 7, 1889. The gun had been carefully 
Star-gauged, and the gauge laid away without breaking joints. Two rounds of 
36 pounds were fired for the purpose of fitting the gas-check pad, and then ten 
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rounds with a charge of 4814 pounds Dupont’s O. P. C, brown pierced pris. 
matic powder and a shell of 100 pounds. This charge in the 6-inch gun gives 
a pressure of 15 tons. 

An examination of the bore revealed several flaws: near the seat of the 
shot, 5 feet 4 inches from the face of the breech, a flaw extending across the 
fifth band and groove to the right from the bottom of the bore ; at 58 inches 
from the breech, a sma!! flaw across the third and fourth bands to the left; at 
58 inches, one extending across the tenth and eleventh bands to the left. The 
star gauge showed enlargements as follows: 


Distance from face of breech. Enlargement. 
Inches. 10d »f inch. 
49.00 13 
49.25 11 
49-50 10 
49-75 9 
50.00 9 
§1.00 8 
§2.00 8 


From a point 52 inches from the breech the enlargement gradually decreased 
at the rate of about .oo1 per inch, until at 90 inches it was practically nothing. 

Such a result was to be expected from the calculated elastic strength of the 
gun. The contract required that it should not exhibit defects or weakness 
under the statutory test. None of the built-up guns have ever shown any 
enlargement under the statutory test, or under the abnormal pressures some- 
times developed in experimental firing, and they have so large a factor of 
safety under present conditions that the Chief of Bureau contemplates obtain- 
ing from them a higher muzzle velocity with increased working pressure. 


* Oe 


SPRENGEL’S EXPLOSIVES. 


[Translated from Wagner's Jahres-Berichte der Chemie und Technologie, Vol. 20, 
1874, by KARL RonReR, Lieutenant, U. S. N.] 


Nore.—Enough time seems to have elapsed since these explosives were really 
discovered and given to the world for them to have disappeared, to a consid- 
erable extent, from the public memory, and in consequence of this fact they 
are being rediscovered in this country, England, Germany and other countries, 
and offered to the ordnance authorities of the day as something likely to revo- 
lutionize modern warfare. To refresh my own and the memory of the service 
I have made this translation. 


Herman Sprengel has published a lecture upon a new class of explosive 
bodies which, during their fabrication, storage and transportation, are non- 
explosive, from which we extract the following : 

With the object of discovering improved and other means for producing 
explosions than those already known and in use, the author observed the effect 
of a detonator upon numerous mixtures of explosive and combustible bodies. 
The components of the mixtures were proportioned in such a way that, theo- 
retically, they should be perfectly oxidized and deoxidized. In the experi- 
ments, the author used steel and Brown’s patent detonator, which consists of 
a conical metal tube of about the strength of a goose-quill, is 5.6 cm. long and 
contains .65 grm. fulminate of mercury. Such a detonator was connected with 
the end of a safety-string fuze, commonly used in blasting ; and the detonator, 
so connected and encased in a thin glass tube, was placed in the midst of the 
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mixture whose explosiveness was to be determined. By igniting the free end 
of the string-fuze, the fulminate of mercury was presently caused to detonate, 
shattering its encasing tube and exerting its power upon the explosive charge 
of from 20 to 100 grm. contained in an open, wide-mouthed glass bottle. 

As among the oxidizing agents which come into consideration, nitric acid, 
HNO,, contains the greatest quantity of oxygen disposable for combustion, Zé. 
63.5 per cent (} of its entire oxygen, which is 76.2 per cent), this body 
especially attracted the attention of the author. He found by experiment 
that under certain conditions, if any one of a number of organic substances 
was dissolved in nitric acid of about 1.5 sp. g., it became susceptible to ex- 
plosion by detonation. 

The hydrocarbon class furnishes the most suitable combustible substances 
which may be dissolved by nitric acid; as, however, when treated by the 
latter there ensues a violent chemical reaction, attended with great heat devel- 
opment, necessarily resulting from the formatien of the nitro-compound, it is 
preferable, therefore, to dissolve this compound itself in nitric acid. If, for 
example, phenol (carbolic acid) is mixed with nitric acid, without the necessary 
precautions against accident, then the temperature of the mixture rises rapidly 
to the firing point. If, however, phenol, after treatment with nitric acid, that 
is, trinitrophenol (picric acid) is treated with nitric acid, the temperature falls, 
and to such an extent that this mixture may be used for refrigerating purposes. 

It is extremely instructive to subject these mixtures and other well known 
explosive bodies, as gun-cotton and nitroglycerine, to a comparative analytical 
study. We submit the following in this connection: 


(1). Nitrobenzol, C,H;(NO,) = 28.08 
Nitric acid, 5(HNOs) =. 98.98 


100.00 
Elementary composition before explosion. Probable composition after explosion. 

C= wees CO, = 60.27 
H= 2.28 H,O= 22.55 
N= 19.18 N = 19.18 
O = 62.10 —— 

——— 100.00 

100.00 


(2). Trinitrophenol (picric acid), C.H,(NO,);0 = 58.3 


Nitric acid, 22( HNOs) 48.7 
100,00 
Elementary composition before explosion. Probable composition after explosion. 
C= 18.33 CO, = 67.20 
ma 6.49 H,O= 12.83 
ps 1607 » = ing 
QO = 62.39 =~ 
seonasihis 100.00 
100.00 


Gun-cotton, C,H,(NO,),0s5. 


Elementary composition before explosion. Probable composition after explosion, 
SSS 06.98 CO,= 55-52 
m= 2,96 H,O= 21.24 
mee taste | a 
O= 59.26 CG @w te 


100,00 100,00 





ae 
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Trinitroglycerine, CsHs(NO,)3Os. 





Elementary composition before explosion. Probable composition after explosion, 
Ca 1686 CO, = 58.18 
a= 2.90 H,O—| 19.80 
N= 18.50 
O= 63.45 0 = 352 
100,00 100.00 


These analyses prove that the new mixtures do not leave any inert residue— 
neither carbon, as gun-cotton, nor oxygen, as nitroglycerine, though in reality 
the decomposition does not take place so simply as is here indicated. It is 
evident that the elementary constitution of these mixtures may be variously 
modified, while the elementary constitution of chemical combinations is fixed 
and unalterable. By increasing or decreasing the quantity of the hydrocarbon 
itis possible to utilize all the oxygen for combustion and so produce car- 
bonic oxide or carbonic acid, or a mixture of these two gases ; in other words, 
to produce more gas and less heat, or less gas and more heat, as may be done, 
for example, in the case of powder by changing the proportion of charcoal. 

The mixture of nitrobenzol and nitric acid in the preceding proportions ex- 
plodes with intense violence when fired bya detonator. Nitrobenzol dissolves 
readily in nitric acid, and if the solvent is weakened by water to 1.42 sp. g. is 
again precipitated. Upon mixing the two substances, at first there is develop- 
ment of heat; therefore when working with considerable quantities, some cooling 
arrangement will be required. In mixing 25 cubic centimeters the author 
observed increase of temperature to 50° C. By employing dinitrobenzol the 
temperature would probably fall. This mixture has the appearance of nitric 
acid, though the addition of 28 per cent of nitrobenzol to the acid appears to 
make it less volatile and less hygroscopic. Absorbed by infusorial earth and 
thoroughly incorporated with it, the mixture burns with a pale flame like dyn- 
amite, but not so lively. No inclination to explode was noticed while burning, 
The author found it very difficult to explode by concussion or shock, to do 
which he enclosed pellets of it in tinfoil and struck them upon an anvil. Gun- 
cotton and Nobel’s dynamite, similarly treated, exploded upon receiving a 
materially weaker blow. The explosion of 35 grm. of the fluid mixture, con- 
tained in an open bottle, placed upon a wrought-iron plate of 6.5 mm. thick- 
ness, without tamping, made a deep indentation therein, the edges jagged. 
The explosion of a 35-grm. disk of gun-cotton upon another part of the plate 
produced an indentation with smooth edges and of less depth. Equal quanti- 
ties (35 grm.) of the nitrobenzol mixture, gun-cotton and nitroglycerine, ex- 
ploded upon fir plank of 7.6 cm. thickness, produced about equal results. The 
wood was cut through and splintered. It is tobe regretted that as yet no exact 
method exists of comparing or measuring the force of detonating explosive 
bodies. 

The following considerations led the author to believe that these new acid 
explosives would excel all heretofore known explosive bodies in development 
of force. As inthe nitrobenzol preparation we are constrained to regard § 
atoms of the contained oxygen as not disposable for combustion, or already 
combined with the hydrogen of the nitric acid in the form of water, and as 3 
molecules of the oxygen contained in the nitroglycerine, derived from the 
glycerine, (a triatomic alcohol) may be regarded in the same way, it follows that 
in the nitrobenzol mixture there remains 52.97 per cent, and in the nitrogly- 
cerine 42.3 per cent of oxygen for combustion, of which, however, owing to 
scarcity of combustible in the latter, only 38.77 per cent can be utilized. As 
the potential energy (or capacity for work) of a developed heat from a combus- 
tion process, and the quantity of oxygen consumed therein are mutually related, 
one may perhaps be permitted to regard the foregoing figures as a rough measure 
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of the force of the two explosives in question. Therefore the author assumes 
that the force of nitroglycerine bears the relation to that of the nitrobenzol 
mixture as 38.77: 52-97 or 100: 136.6. If 1 molecule or 2 parts by weight of 
dinitrobenzol, and 4 molecules or 3 parts by weight of nitric acid, are taken, 
then the quantity of oxygen disposable for combustion in the mixture rises to 
53-3 per cent. : , 

How this and the other preparations will comport themselves when they are 
stored after their ingredients are mixed, the author is not able to state, as he made 
his experiments with them soon after mixing. Their ability to be exploded 
appears to be destroyed by the addition of a small quantity of water. At least 
he could not explode the nitrobenzol mixture under the above stated conditions 
when the nitric acid used in its preparation contained less than 25 per cent of 
the monohydrate. Confining the charge in a small space and employing a 
more powerful detonator might, perhaps, produce explosion when a more dilute 
acid was used. The high specific and latent heat of water, which would 
absorb the heat freed at the commencement of the explosion of the detonator, 
may account for this lack of explosiveness. The author cannot forbear to con- 
nect the remarkable explosiveness of fulminate of mercury with the fact that 
the specific heat of mercury is only one-thirtieth part of that of water. Fal- 
minate of mercury contains 70 per cent of mercury. R. Bunsen observed, 
while gradually diluting explosive gas mixtures with non-combustible gases, 
that the explosiveness or inflammability of these mixtures suddenly ceased at 
a well defined limit or boundary. 

Picric acid, to 58.3 parts, is readily soluble in an equivalent quantity of nitric 
acid, 41.7 parts. During the process of solution the temperature sinks below 
the freezing point. As the preceding mixture, so this explodes with great vio- 
lence when fired by a detonator. Exclusive of the sixth part of the oxygen of 
the nitric acid, and that due to the phenol, there still remains 50.92 per cent dis- 
posable for combustion. It may be appropriate to say here that picric acid 
itself contains an oxygen mixture which is sufficient to make it a powerful 
explosive without addition of other oxidizing agent, and that it develops tre- 
mendous power when exploded by a detonator. Upon its explosion no smoke 
is formed. To show the intense heat which is developed upon the combustion 
of these mixtures, the author states this fact: a machine-made metallic cart- 
ridge case of 4.8 cm. length, 1.3 cm. diameter, and 11.4 grm. weight was 
charged with .65 grm. sporting powder and 1.3 grm. sand, which was mois- 
tened with scant .65 grm. of the solution of picric in nitric acid, the moistened 
sand coming after the powder, and a ball coming last. The cartridge so 
charged was at once placed in the cold bore of a Martini-Henry breech-loader 
and fired. Upon withdrawing the cartridge case it was found that the upper 
half of it had lost its shape entirely, the metal having been melted, and the 
particles of sand remaining were vitrified. 

Instead of the two mentioned, there is a large number of combustible sub- 
stances which may be used. It is not absolutely necessary that there shall be 
entire solution. The author succeeded in producing an explosive preparation 
by adding 17.4 parts of naphthaline to 82.6 parts of nitric acid of 1.5sp.g. The 
mixture was of about half fluid consistency. 

The author believes that his acid explosives must excel all other explosive 
bodies of this class thus far known, in the development of force. He rests his 
claim upon the consideration of the quantity of oxygen disposable for combus- 
tion which they contain. The nitrobenzol mixture contains, exclusive of the 
5 atoms going to the hydrogen of the nitric acid, 52.97 per cent of oxygen; the 
picric acid mixture contains, if } of the oxygen of the nitric acid and that due 
to the phenol in the picric acid are excluded, 50.92 per cent of oxygen; nitro- 
glycerine, however, ifthe 3 atoms of oxygen of the glycerine are excluded, con- 
tains only 42.3 per cent of oxygen, of which, owing to lack of sufficient combus- 
tible, only 38.77 per cent can be utilized. 

The selection of an oxidizing agent is much more limited than that of a com- 
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bustible body, that is, if complete transformation into gas is insisted upon. 
Among the former, nitrate of ammonia may be next considered, as it is com. 
posed of 35 parts nitrogen, 45 parts hydrogen, and 20 parts oxygen. Unfortu. 
nately, this salt is very hygroscopic, otherwise it could be used as an addition 
to or substitute for nitrate of potassium. The difficulty might be overcome by 
the use of air-tight cartridges and incorporating a non-volatile hydrocarbon as 
combustible for the 20 parts of oxygen. The author found that by addition of 
nitrate of ammonia to sporting powder there was a decided increase of initial 
velocity of the projectile, as follows: 


Weight of Weight of added Weight Initial velocity 
sporting powder. ammonium nitrate powder. of projectile. per second. 

4-92 grm. sees 31.49 grm. 410 meters. 

3.69 1.23 grm (a) 31.49 431.5 

2.46 2.46 (4) 31.49 452.2 


(a) consisted of 1o0oHN,NO, + 7.5 lampblack. 

(4) consisted of 80 HN,NO, + 15 charcoal of red dogwood (Cornus sanguinea, 
L.). 

The ammonium powder was thoroughly mixed with the sporting powder 
before filling the cartridges ; a little of the latter was reserved and scattered 
about the percussion cap. 

Nitroglycerine may also be used as an oxidizing agent, as it contains a sur- 
plus of 3.52 per cent of oxygen, by adding a certain proportion of combustible. 
As free acid in nitroglycerine is the probable cause of terrible accidents, and isto 
be carefully avoided, therefore if, for example, aniline be added, which is 
readily soluble in nitroglycerine, a double advantage will be realized, as the 
aniline will neutralize the acid set free by gradual decomposition, and will also 
utilize the excess of oxygen contained, and so increase the explosive force of 
the body. 

If we renounce the attempt to achieve complete gasification, we may turn to 
those explosive bodies whose oxidizing agents are salts of non-volatile bases. 
Of these, chlorate of potassium is especially observable. This salt yields 
explosive mixtures united with any one of almost all organic substances. As 
the mixing of it with combustible substances is a dangerous operation, the 
author employed fluid ones to avoid friction in mixing. These fluids were 
brought into contact with porous cakes or lumps of potassium, and absorbed 
by them quietly and without danger. Such lumps or cakes are obtained by 
pressing the moistened salt in suitable forms, which, upon drying, have about 
the consistency of loaf-sugar, and are more or less porous according as the salt 
is fine or coarse and whether the pressure is great or small. The author 
exploded detonators containing .65 grm. fulminate of mercury upon cakes so 
made and treated, without exploding them, and with this means he did not suc- 
ceed in exploding them until the fluid combustible in the cake was impreg- 
nated with a certain proportion of sulphur or nitro-compound, ‘Thus, for 
example, they exploded very violently upon adding a proportion of bisulphide 
of carbon ; very violently upon adding a proportion of nitrobenzol ; violently 
upon adding a proportion of % benzol+ ¥% bisulphide of carbon; violently 
upon adding a proportion of bisulphide of carbon saturated with naphthaline; 
very well upon adding a proportion of phenol dissolved in bisulphide of 
carbon; well upon adding a proportion of 4% petroleum + ¥ bisulphide of 
carbon ; not well upon adding a proportion of petroleum saturated with sul- 
phur; not well upon adding a proportion of benzol saturated with sulphur. 

If the decomposition of the bisulphide of carbon mixture proceeded in the 
order of the eqhation 2(KCI1O, + CS,= 2KCl-+ CO,-+ 2SO,), then 100 parts 
chlorate of potassium would require 31 parts bisulphide of carbon. The 
author, however, secured better results by using a smaller quantity of the 
latter, 15 to 20 parts, as then, upon decomposition, sulphuric acid was formed. 
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Upon using such a mixture in a granite quarry, it proved itself about four 
times as powerful as an equal quantity of blasting powder 

Although the simple, sulphur-free benzol mixture did not explode under the 
mentioned circumstances, it may be assumed, because of the similarity between 
concussion and detonation, that a body which is explosible by the former may 
also be exploded by the latter means, if strong enough initial effort is had. 
The author found, in fact, that when the detonator was surrounded with gun- 
cotton he could explode chlorate of potassium mixture, which contained neither 
sulphur nor nitro-compounds, as when mixed with benzol, petroleum, or 
phenol. Mixtures of this kind, in the form of 80-grm. cakes, placed upon a 
support in air, exploded with great development of power when the author 
acted upon them by the detonation of 15,8, or 7 grm. of gun-cotton. The 
practical inference from these facts is apparent. 

In these, as in the acid mixtures, many combinations and changes are possible 
and permissible. The chlorate of potassium can be partially, perhaps wholly 
replaced by nitrate of sodium. Instead of the indicated hydrocarbon, there 
may be used partially or entirely such as are non-volatile ; even fats, bitumen, 
resin, and other rigid ones may be used, which have so low a melting point 
that it is practicable to saturate cakes of the oxidizing salt with them while in 
the melted state. 

Objections to the use of several of the explosive bodies referred to can reas- 
onably be made. The acid explosives are hygroscopic and very difficult to 
handle and manage because of the corrosiveness of the nitric acid. Further, 
it is not easy to find a suitable material for cartridge cases ; the choice would 
be between glass, stoneware, and iron, and if the explosive is prepared for use 
in the form of dynamite, paper might answer, In respect to cheapness, effect- 
iveness, safety, and reliability, these explosives compare favorably with all 
others now employed. The oxidizing agents in cake, lump, or granulated 
form, when impregnated with oily fluids, are protected against the injurious 
effects of water. The facts must not be lost sight of that about nine-tenths of 
all explosives produced, powder included, find their field of usefulness in 
blasting operations, and that the valuable and peculiar property which powder 
possesses as a propelling agent is not necessary in mining or blasting, as in 
this field we need, with few exceptions, the most powerful and at the same 
time the cheapest force. Upon these facts is based the author’s hope of a 
future for the explosives under discussion. 

Finally, and this may not be the least advantage possessed by these new 
explosive bodies, we may, to avoid danger during fabrication, storage, and 
transportation, keep the oxidizing agent separated from the combustible until 
such time as it is desired to bave them act upon each other and to be made 
ready as an explosive body. This, of course, is easier of accomplishment 
when both agents are fluid, or at least one is so, than when both are rigid. 


GUN-COTTON. 


Its MILITARY APPLICATIONS, WITH SPECIAL REFERENCE TO THE LATEST 
DISCOVERIES RELATING to GuN-CoTTON SHELLS. 


By Max Von Forster, Premier-Lieutenant a. D., Technical Director of the 
Gun-Cotton Factory of Wolff & Co., Walsrode. 


(Translated, by permission of the author, by Joun P. Wisser, U.S. Army.] 


The gun-cotton factory of Wolff & Co., Walsrode, prepares compressed 
gun-cotton for military use. Although the quality, «4 ¢. the chemical composi- 














374 PROFESSIONAL NOTES. 


tion and the chemical properties, remains constant, the form of the gun-cotton 
varies with its application. 
The principal applications are: 


I1.—For STATIONARY SUBMARINE MINES. 


For this purpose are largely used six-sided prisms, 4% kg. in weight, with 
which any mine receptacle may be filled; or the receptacles for the charge, 
which are usually cylindrical in form, are filled with masses of gun-cotton of 
forms specially constructed for this purpose, which together.exactly reproduce 
the interior form of the receptacle forthe charge. In the first case the prisms 
are introduced separately in the mine; the opening for charging may therefore 
be small. In the second case the entire charge, collected in the receptacle there- 
for, is introduced at one and the same time into the mine; the opening for 
charging must therefore be large. 


Il.—For MOVABLE SUBMARINE MINEs (FIsH TORPEDOES). 


We fill the interior of the torpedo-head with gun-cotton, exactly corresponding 
to the interior space, bring the head up to a definite weight (which must be 
given us) and solder it up. In order to enable us to do this, all heads should, 
if possible, be sent to the factory :# natura, 

When this is not practicable, we prepare for the transportation and preserv- 
ation of the gun-cotton special sheet-zinc vessels having the form of the tor- 
pedo-heads, and ship therein the charge. 

The main mass of the gun-cotton used for mines and torpedoes is invariably 
wet, containing 15-25 per cent of water, as may be ordered; the priming charge 
consists of dry gun-cotton, from % to several kg. in weight, as may be required, 
The dry gun-cotton is always packed separately from the wet. ‘The dry gun- 
cotton is detonated by means of a detonating primer filled with mercuric 
fulminate. 


IIlIl.—For SHELLs, AS EXPLOSIVE CHARGE, 


The principal kinds of such shells are: 

1. Steel torpedo shells with thin walls and cast-iron shells.—We furnish new 
shells, or simply charges for such as are now on hand in the magazines and 
are to be adapted to gun-cotton. They are useful against objects of slight 
resistance; and in case of bomb-proof covers, such as casemates, powder 
magazines and hollow traverses, which are all covered with a considerable 
thickness of earth, they will pass through the latter, explode on the arches and 
act by their large bursting charge. The fuze is generally inthe mouth. The 
shells are adapted to rifled mortars and howitzers. 

2. Steel torpedo shells with thick walls and massive points—The fuze is in 
the base (new fuze construction). These shells offer, besides the advantages 
of the shells under 1, the additional and most important advantages in that 

a. On account of their strong walls and their construction, they may be 
fired not only from mortars, but from all guns, with however high an initial 
velocity, even above 600 m. 

4, By their greater weight, their permanence and their massive points, they 
are capable of penetrating resisting objects such as granite masonry and 
cement arches ; they therefore possess the immense advantage over the shells 
with a head-fuze under 1, that the bursting charge will explode and exert its 
effects not in front of the resisting objects, not on their exterior, but within the 
objects themselves. The bursting charge will therefore often have ten times 
the effect of the shells under 1. 

The penetration of the shells in hard objects is rendered possible not only 
by their indicated properties, but also by our new base fuze applied to them, 
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which, even when the shells are fired with the highest initial velocities and 
against the most resisting objects, does not break or explode prematurely, but 
acts with regularity, and allows the delay in the action of the fuze, for which it 
was set, to come into play. ‘ 

3- Steel armor-plate shells. —Not so long as the shells under 2, with massive 
points, very thick walls, and therefore with but little space for the exploding 
charge. c t 

Our explosive gun-cotton is, however, so strong that the necessarily small 
bursting charge is still capable of breaking the bottom and side walls of the 
shells into many small pieces, while the point remains in one piece, or is 
divided into but two or three parts, so that after the shell has pierced the 
plate, by means of the former excellent effect will be obtained against the 
men and the weak parts of the machinery in the interior of a battery, an 
armored ship, etc., and by means of the latter more energetic action against 
the strong parts of machinery. 

As is well known, the charge of steel armor-plate shells has been entirely 
abandoned of late years, because it had been observed that it or the fuze, on 
account of the sudden shock, caused the armor-plate shell to burst before it 
had used up all its living force, and thus diminished its action. We have 
made possible again the use of a bursting charge in the armor-plate shell by 
means of our explosive and our new fuze, and therefore have again prepared 
a shell for these purposes. The shell had, so to speak, become a solid shot ; 
it no longer burst, and the action of such a projectile, as is well known, is but 
slight. 

Our explosive, in our special mode of application and our new fuze, will 
endure the greatest shock at the object struck without premature explosion, 
and will act with regularity and certainty. 

Besides all the advantages thus far given, our explosive and this fuze insure 
the certainty that dangerous bore explosions, even with the highest initial 
velocities, are effectively excluded, which property allows the applicability of 
gun-cotton shells in casemates or on board ship and in other confined spaces 
rendered especially dangerous by explosion taking place in them. We call 
especial attention to our fuze (base fuze). (See further on.) 





INSTRUCTIONS FOR CHARGING SHELLS WITH COMPRESSED GuN-COTTON. 


A. Charging cast-iron or steel shells which are in a single piece and have the 
Sure in the head of the shell. (Wolff and Co,’s and Von Forster’s system.) 


1. Description of the gun-cotton and the mode of packing it, its transportation 
and preservation.—The gun-cotton is in the form of elongated grains, the cross- 
section of which is a rectangle of 10 to 18 mm, length of side, and their length 
is25to 50mm. The grains are coated witha thin but compact layer of dis- 
solved gun-cotton obtained by immersion in acetic ether. This layer prevents 
the crumbling and pulverization of the grains during transport and handling. 
The gun-cotton which is used for charging shells contains as a rule 20 per 
cent of water, but there is nothing to prevent the use of such as has but little 
water. The water renders the gun-cotton incombustible and not sensitive to 
even the most violent shocks, and the gun-cotton can be detonated only by a 
fuze specially arranged for the purpose. 

Gun-cotton is, therefore, a substance which can be called an explosive only 
when in the hands of persons who have special charge of it and are in posses- 
sion of the necessary means of ignition. 

Wet gun-cotton, as regards its transportation, preservation and manipula- 
tion, is perfectly free from danger, and dry gun-cotton, properly handled, is 
also perfectly safe in these respects. Dry gun-cotton is not dangerous to store, 
and, in case it is set on fire by a fire from without, will not explode, if properly 
packed according to our method. Dry gun-cotton is therefore considerably 
less dangerous than gunpowder. 
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The gun-cotton is packed in wooden chests containing interior cases of sheet 
zinc. The latter are air-tight and prevent the evaporation of the water of the 
wet gun-cotton, or the absorption of moisture by the dry gun-cotton. Every 
such case has on the upper side an opening, closed with a cover, and serving 
for filling and emptying. In these chests the gun-cotton is transported and 
stored, and the chests remain closed as they come, until the gun-cotton is to 
be used. 

As a magazine, any house of whatever construction is suitable, but the most 
suitable are such as are simple, light, above ground and not moist. Although 
all danger is excluded, it is preferable on general grounds to place these build- 
ings, in case they contain large quantities of gun-cotton, not nearer, as a rule, 
to townsthan iso m. A wall about the magazine is superfluous, and in case 
of an explosion in the magazine is even harmful, since it would serve to con- 
fine and therefore strengthen the energy of the explosion. 

2. Charging of the shells—The shells are charged with the gun-cotton 
through the mouth and are filled out with liquid paraffine, which fills all the 
interstices between the grains themselves, as well as those between the iatter 
and the shell walls, and after solidification makes a solid mass of the grains, 
whereby, in firing, a shock or the friction of the gun-cotton against the walls of 
the shell is rendered impossible. 

The fuze extends outward beyond the opening and inward into the shell, 
since it must be in direct contact with the charge in order to be able to deto- 
nate it. In order to secure in the interior of the shell a place for the fuze, the 
charging is conducted as in the case of shrapnel. In introducing the last por- 
tion of the charge, and for the introduction of the paraffine, a charging funnel is 
used quite similar to the truncated cone used in loading shrapnel. The paraffine 
is mixed with half its weight of Carnauba wax,* and thereby acquires a high 
melting point, which may rise to 70° centigrade. 

In case a smaller proportion of wax is taken, the melting point is lower. 
The paraftine is melted in the water-bath, or in a vessel over the fire direct, 
The paraffine does not become heated to a higher temperature than its proper 
fusing point till nearly all is melted. As soon as this takes place, however, 
the temperature rises rapidly. The paraffine, ready for introduction, should be 
heated to + 80°-85° C., and rapidly introduced. 

After 20 minutes to % hour, according to the size of the shell, the paraffine 
is cold and the charging funnel is unscrewed. In the interior of the shella 
hollow space is left, exactly large enough to receive the fuze. This space is 
kept open during transportation and handling. 

3. Zhe Fuze. —The fuze consists of: (1) the fuze proper, as a rule a per- 
cussion fuze with safety arrangement and with a percussion cap; (2) the 
detonating: primer; (3) the priming cartridge of dry gun-cotton. 

When the shell strikes the object, the percussion fuze acts, the fire of the 
cap inflames the primer, this detonates the priming cartridge, and the latter 
the charge. 

In case no cause of delay in action is effected in the fuze, the shell bursts 
immediately on striking, provided the blow be sufficiently strong to bring the 
percussion fuze into action, 

But since a certain amount of penetration of the shell into the object is gen- 
erally desirable and necessary for its proper action, all our fuzes, unless other- 
wise definitely ordered, have their action delayed by means of a column of 
compressed gunpowder. 

The charging of the shells, the insertion of the fuze, the loading of the gun 
are entirely safe. 

Explosions in the bore are not to be expected. We have fired several 
hundred shots from mortars, howitzers and guns, with the usual service 
charges, without a single dangerous explosion in the bore. 


* Secreted by the leaves of Copernicia cerifera.—W. 
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In the summer of 1887, in the course of further experiments in Pola in con- 
junction with the Austrian navy, we fired 50 shots from.the 15 cm. gun, of 
cast-iron gun-cotton fuze shells with 516 m. initial velocity, with good results. 

B. Charging shells which have a movable head or base, and are therefore in two 
parts. ' : a or . 

These shells are loaded with gun-cotton in the form of disks, corresponding 
in diameter with that of the interior of the shell. 

Since in charging with these disks less interspace is left between the pieces 
of gun-cotton than in charging with granulated gun-cotton, the weight of gun- 
cotton required is some 25 per cent higher. 

With reference to the transportation and storage of gun-cotton, as well as 
the charging of the shells and the loading of the gun, everything, unless 
special constructions are required, is the same for disk-charging as for granule- 
charging. 

SHELLS WITH BASE FvuzE. 


Shells with a fuze in the head are capable of penetrating objects not too 
compact, such as earthen breastworks, earthworks, walls, and woodwork, and, 
after using up its living force, of acting by its bursting charge. 

In objects of great resistance, however, such as armor plates, concrete 
shields, or granite masonry without earth covering, they cannot penetrate, 
because they burst immediately on striking the hard object, provided they come 
with a comparatively great final velocity ; the fuze in this case causes a prema- 
ture explosion. 

Although, even under these circumstances, the effect on hard arches, etc., 
under the earth covering, in consequence of the great detonating power of the 
gun-cotton, will be quite considerable, it will nevertheless be many times 
greater than this should the shell be able to penetrate into the hard object, or 
pass through it and act explosively inside of the covering, ¢. g. in case of a 
fort, in the interior enclosed with iron or free arches of harder material, or in 
case of an armored vessel, in the interior of the armored turret or the armored 
battery. 

It is assumed that the shell can stand the shock against the object without 
breaking. A strong, thick-walled steel fuze shell, as, for instance, the ordinary 


s 


Krupp steel fuze shell, 4% calibers long, supplied with a base fuze arranged 
for the detonation of gun-cotton anda massive point, must be used, or, for 
firing against strong armor plates, a steel armor shell with a similar fuze. 

For these two kinds of shells particularly the author has constructed a base 
fuze which may also be used for weaker shells, such as cast-iron or thin-walled 
steel shells, and which possesses the following advantages : 

1. It permits of giving the steel torpedo shells and the other fuze shells a 
massive point, and thereby renders them much more capable of resisting the 
shock on striking the object. 

2. It permits of again giving the steel armor shells a bursting charge (which 
at the present time has been generallyabandoned in the case of these projectiles), 
as it is so constructed that, even in firing against the most resisting objects, 
such as armor plates, it does not cause the shell to explode directly on striking 
the object, as al] other fuzes heretofore used do in such cases, but, on the con- 
trary, gives the shell time to penetrate so far into the target as its solidity, its 
living force and the angle of impact may determine, and only after the time 
required for this purpose will it cause the charge to detonate and the shell to 
burst. 

It is evident that, when the shell breaks on impact, as is the case when a 
shell strikes an armor plate obliquely, it cannot penetrate appreciably into the 
plate, and the explosion will in consequence accomplish little. But, in all firing 
in time of war, only a small proportion of the shells fired will probably strike 
the object aimed at, and especially an armor plate, and of these a still smaller 
number will so strike the plate as to pass through it. 
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It must therefore be acknowledged that if the shell does not pass through 
the armor plate the explosion cannot be very effective. Moreover, not only 
the shell but also its charge will have been wasted. It appears to us, however, 
that the fewer the shells which will penetrate through the armor plates into 
the battery within, the more necessary it is to give them the conditions for 
most effective action, and that, to obtain increased effect, a charge of gun-cotton 
and our base fuze, after it is proven not to act injuriously, must be adopted 
for armor shells. 

In like manner does our base fuze offer great advantages for other long and 
short gun-cotton shells, in that it renders them more effective in their action 
against objects of great resistance. These will include, besides bomb-proof 
covers of the latest construction, the armored shields, covered with a don or 
granite layer, of the armored land turrets. We may expect to remove the 
glacis and then the armored shield, and to fire against the turret itself, and 
indeed against its exposed under-parts. 

3. This new base fuze mainly and effectively excludes all possibility of pre- 
mature explosions in the bore of the gun which may endanger it. 

We may remark incidentally that this base fuze differs essentially from the 
head-fuze used by us, not only in its properties but also in its construction. 


FIRING EXPERIMENTS CARRIED ON WITH THE AUTHOR’S ASSISTANCE. 


I. Firing with gun-cotton shells, carried on by the Royal Italian Land 
Artillery, on the firing grounds at St. Maurice and in Spezia, in the years 
1886-7.—The object of the experiments was to provide the cast-iron shells of 
the siege and seacoast guns already on hand, as well as newly constructed steel 
torpedo shells, with a bursting charge of gun-cotton and a suitable fuze, and to 
fire the shells with the customary service initial velocities. 

The experiments were very extensive and gave the following favorable 
results : 

1. The gun-cotton shells may be fired with safety, without fear of premature 
explosions in the bore. 

2. The shells explode at the proper moment at the object. 

3. Chemical and practical experiments show that the gun-cotton employed 
is pure and chemically stable, so that it can be stored by itself or enclosed in 
the shell without danger, and finally, that the mode of charging the shell is 
sufficiently simple, without danger and practicable. 

The system used for charging the shells was that patented by Wolff & Co. 
and Von Forster. The gun-cotton, as already stated, is in the form of long 
grains ; after charging the shell the latter is filled with paraffine, in such wise 
as to fix the gun-cotton grains in position and fill the interstices with paraffine ; 
the charge thus forms a compact mass, preventing thereby jamming or rubbing 
on the walls of the shell. 

As fuze was employed the percussion fuze heretofore used with the respec- 
tive shells, after having been previously made applicable to the special object 
here arising. 

Ordinary cast-iron shells with gun-cotton and fuze were fired from: 

1, The 1¢ cm. gun, initial velocity 400 m., reduced charge. Weight of shell, 
complete, 30 kg. ; charge of shell 1.4 kg. gun-cotton, range 5000 m. 

2. The 15 cm. rifled mortar with an initial velocity of 208 m.; shell as in I. 

3. The 21 cm. howitzer, initial velocity 250 m., weight of projectile 80 kg., 
charge of shell 3.7 kg., range 4000 m. 

4. 24 cm. howitzer, initial velocity 231 m., range 4000 m. 

24 cm. mortar, initial velocity 240 m., weight of projectile for each of the two 
pieces 121 kg., charge of shell 7 kg. 

5. 28 cm. howitzer, initial velocity 307 m., range 6700 m. 

The shell has a hardened massive point and a base fuze. Weight of projec- 
tile, 220.5 kg.; charge of shell, 7.7 kg. The steel torpedo shells were fired 
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from the 21 cm. howitzer and the 15 cm. mortar. Charge of the 21 cm. shell, 
20 kg. ; range, 3500 m. Paian : : 

Effect of the shells in earth,—The fuzes of the shells were delayed in action, 
the shells were fired at high elevations and penetrated, with their high angle of 
fall, very deep into the earth, and therefore produced as a rule no funnel at 
the surface. Atthe firing grounds at St. Maurice the subterranean action was, 
however, measured by the disturbed and loosened earth, and gave as a com- 
parison between gun-cotton and gunpowder shells the following results : 

The sphere of action of gun-cotton shells in earth is somewhat greater than 
that of gunpowder shells. The extent of this space alone does not, however, 
furnish an accurate measure of the action of the two kinds of shells, but the 
energy developed within this space must also be considered before making any 
comparisons. a . k 

The gun-cotton shell triturates and pulverizes the earth in its sphere of 
action; the gunpowder shell simply loosens it. From this it must be con- 
cluded that a resisting object (as, for instance, a stone arch, an iron protection), 
which lies within the sphere of action of the explosion of gun-cotton shells, will 
be disturbed, while it will suffer very little from gunpowder shells. 

In order, therefore, to measure the energy of the gun-cotton shell, a corres- 
pondingly definite problem must be set for it. As a matter of fact, the experi- 
ments previously made in Italy and elsewhere with this object in view also 
showed the great superiority of gun-cotton. 

At all events, the gun-cotton shell, even though it be simply a question of 
the simple removal of an earth covering, which will seldom be required and 
will always be very tiresome, will still show its superiority, as is proven by the 
following numbers taken from these experiments at St. Maurice. 

The extent of the spheres of action was determined from the mean of a 
number of shots in the following measures (the last indicating the depth) : 


15 cm. gun-cotton shell, 3.2 & 2.2 X 1.2 m. 
15 cm. gunpowder shell, 1.8 & 1.7 & 1.9 
21 cm. gun-cotton shell, 3.6 & 3.4 X 2.3 
21 cm. gunpowder shell, 3.2 & 2.9 X 2.0 
24 cm. gun-cotton shell, 4.7 X 4.7 X 2.0 
25 cm. gun-cotton shell, 4.0 X 4.0 X 3.0 
28 cm. gunpowder shell, 4.0 X 4.0 X 2.0 


One of the 28 cm. shells made in addition a 
X 1.5 m. 

A 24 cm. gun-cotton shell which did not penetrate as deeply into the earth 
as the others, made a surface funnel of 4.5 m. diameter, 1.5 m. depth. 

The 21 cm. steel torpedo shells made surface funnels of 5.3 m. diameter, 
1.5 m. depth, on the average. 

A torpedo shell buried horizontally in earth at a depth of 1.25 m. with a 
charge of 20 kg., produced an explosion funnel of 5.5 m. diameter and 2.4 m. 
depth, 

For the Italian 15 cm. and 21 cm, steel torpedo shell we also furnished gun- 
cotton in the form of disks, and the experiments with these too gave good 
results, 


t 


subterranean cavity 2m. X 2 m. 


After the method of charging the shells in its details was decided upon and 
proved satisfactory, an experiment on a large scale and corresponding to 
reality was undertaken on the 2d of November, 1886, at Spezia, carried out to 
determine the action of gun-cotton shells on an experimental pontoon provided 
with an armored deck. Cast-iron gun-cotton shells were fired against it from 
the 24 cm. howitzer, and with such effect that it soon sank to its middle under 
water, and was only held afloat by its water-tight compartments. 

On the action of gun-cotton shells, those 5 calibers in length, for instance, 
against fortifications, Lieutenant-General Brialmont, “ La fortification du temps 
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présent,” 1885, Bruxelles, and also Snyders in the Militaire Spectator de Breda; 
** Schietkatoen en Schietkatoengranaten,” and other authors, give results and 
figures, and all praise the high degree of efficiency of gun-cotton shells, adding 
that these shells will have the greatest effect on sieges and the construction of 
fortifications. 

Note.—The preceding experiments have led in a large degree to the intro. 
duction of gun-cotton shells in Italy. The Dispensa XII of the year 1887 of the 
official Giornale d’Artiglieria e Genio contains three War Department orders, 
dated December 1, 1887, in which granulated gun-cotton (system of Wolff & 
Co. and V. Férster) is introduced for the 24 cm. mine shell, while for the 15 
cm, and 21 cm. torpedo shells a charge of gun-cotton disks is selected. 

Il. Firing Experiments of the Royal Ltalian Navy in Viareggio and Castagna 
in April, 1887.—The experiments consisted in firing cast-iron shells charged 
with gun-cotton in the form of grains from the 228 mm. gun with ro kg. and 
17 kg. gunpowder, and from the 254 mm. gun with 18 kg. and 24 kg. gunpowder, 

After it was proven by these experiments that the shells could be fired 
without exploding in the bore, and that they burst properly at the target, 
experiments were made against a target composed of compactly stamped coal, 
and the shells distinguished themselves by their great detonating action. 

Ill. Results of the firing of steel armor shells with gun-cotton and fuses 
(system of Wolff & Co. and Von Férster), carried out by the Austrian Navy in 
the summer of 1887, in Pola.—Gun: Uchatius’ 15 cm. bronze gun; steel armor 


shell, weight complete, charged, 39.400 xs. ; base fuze, gunpowder firing 
charge, 9.5 kg.; initial velocity, 476 m.; 300 grams gun-cotton as bursting 
charge. ‘ 


Target 65 m. distant, consisting of armor plates of the best Steyer forged 
iron some 12 cm. thick, fastened between supports in the form of trestles of 
strong wood. 

1. Firing against two such plates placed close together, one behind the other, 
bolted together; 6 m. in rear is a wooden target of 4 cm. thick fir boards, and 
behind this an earthen rampart. The shell passed through both plates, and 
burst behind them, the pieces piercing the wooden target and penetrating as 
much as % m. deep into the earthen rampart 

2. Firing against three such plates, placed close together, one behind another 
and bolted together, backings as above. The shell passed through two plates 
and penetrated into the third so far that its point just projected beyond it, and 
exploded in this position after it had expended its entire living force in pene- 
trating the armor plate. 

3. Explosion of such a 15 cm. steel armor shell, like that under Experiments 
1 and 2, charged with gun-cotton, in amine. 

The shell gave the following explosion pieces: 


The point remained entire........ 9.220 kg 

BE. occ dus cecccccccoccescecss 1.7¢ " 

I piece boc evboonescesenccssceesee 1.320 * 

I piece TUT CTET UCL I.1so * 

14 pieces Lenededbeeovcsesi between 1 kg. and o.5 kg. 
86 pieces, in toto.......-+++++++s 12.5 kg 

ZO PIECES... cccccccccccccccesccess 1.5 kg. 


The result must be regarded as very favorable. 

The point and the heavy explosion pieces preserved sufficient weight to 
act effectively against parts of machinery, gun-carriages in the interior of a 
ship or turret, etc., besides which there are innumerable pieces which will act 
very effectively against the men under all circumstances, and in an enclosed 
battery quite destructively, 


EXPLOSION AND FIRING EXPERIMENTS 


carried out in the powder works of Cramer & Buchholz, Ribeland, on the 19th 
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of March, 1888, by Wolff & Co., Walstrode, in the presence of representatives 
of the Imperial German Admiralty, the Royal Prussian War Department, the 
Royal Italian Navy, and the Royal Italian War Department. 


1.—Firing Experiments. 


Gun.—21 cm, reinforced gun, 22 calibers long, Krupp breech-loader. 

Firing Charge of Gunpowder.—Brown prismatic powder P. P. C/82 of Cramer 
& Buchholz, Riibeland. 

Projectile.—Krupp steel shell with massive point, constructed as an *rmor 
shell, 2% calibers long, weighing 98 kg. charged. 

Bursting Charge.—1 kg. wet gun-cotton in the form of grains, covered witha 
coating by means of acetic ether. After the insertion of the charge, the shell 
is filled with paraffine so as to fill up all the interstices and fasten the charge in 
position. Room for the fuze is left. 

Fuze.—The fuze is at the base, attached to the base screw, construction of 
Wolff & Co. and V. Férster. The fuze is a percussion fuze and takes up on 
impact a position different from its original position, in which second position 
only can it act on the bursting charge. (See pp. 5 and 6, and 13, 14 and 15 of 
the MS.) It contains an adjustable means of delaying its action. 

Target.—A compound armor-plate of 12 cm, thickness, drawn from the Dill- 
ing furnace, and a wooden backing of 60 cm. oak wood in two beams. Below 
are 4 bolts, above 3 bolts, to fasten the plate; the bolts do not reach through 
the entire plate. Plate and backing are supported in front and rear by two 
trestles. The plate is 255 cm. broad and17ocm. high. Behind the plate there is 
an explosion chamber lined with beams, the rear wall of which consists of a 
double layer of pine trunks 24 cm. thick and separated from the plate 5.60 m. 
The chamber is covered with earth externally, and the rampart in rear is 3.50 m. 
thick below and 1 m. at top. 

Shot 1.—An uncharged steel armor shell, brought up to the weight of the 
charged shell, gunpowder firing charge 22 kg.; initial velocity, as near as could 
be determined, 420-430 m. 

Result.—The shell passed smoothly through the plate, the wooden backing, 
the rear wall of the explosion chamber, and penetrated into the earthen ram- 
part, where its path could be traced for 2 m., and continued into the subjacent 
soft ground. 

Shot 2.—A complete steel shell, as previously described, charged with gun- 
cotton and provided with fuze ; gunpowder firing charge 22 kg. 

Result.—The shell passed smoothly through the plate, leaving an opening 
just like the uncharged shell, then through the wooden backing, the rear wall 
of the explosion chamber, penetrated the earthen rampart, was deflected 
upward in the latter and passed through it in its upper weaker part. On 
emerging from the rampart it exploded in the air, as was evidenced by the 
strong detonation, easily distinguishable from that of a charge of gunpowder. 

Shot 3.—Charged steel shell, and gunpowder charge of gun as in No. 2. 

Result.—The shell, like No. 2, passed through plate, backing and rear wall 
of explosion chamber, and exploded about 2 m. behind the latter in the ram- 
part. In the latter there was a funnel of % m. depth and 2% m. diameter. 

Several explosion pieces flew out of the rampart; they could be heard whiz- 
zing through the air. 

Shot 4.—Charged steel shell as before ; gunpowder firing charge 14 kg. 

Result.—The shell passed through everything in like manner as No. 3, pene- 
trated the rampart, burst there and threw out a funnel as large as No. 3. 

Subsequently, in digging in the rampart, explosion pieces were found some 
2m. behind the rear wall of the explosion chamber, weighing in all 45 kg., of 
which the heaviest weighed 11.5 kg. and was a part of the base of a shell. 
Two other smaller pieces of the base were also found, and many explosion 
pieces of about 1 kg. weight. Of the point nothing has been found thus far, 
but in better weather the search will be continued. 
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Il.—Zxplosion Experiments. 


Three shells of the same construction and charged like the previously 
described steel shells, but made of cast iron, were placed in a mine, and the 
fuze, placed in its first position, in which it could not act so as to bring the 
charge to detonation, was detonated by means of a Bickford fuze, 

Result.—The base screw was thrown out in shells Nos, 2 and 3; the charge, 
according to program, did not explode, however, in any of the shells; shell 
No. 1 received a crack from the opening in the base through the base and 
side wall, a copper band broke, but the shel! was not burst asunder. 

In shell No. 2 a piece about \% the size of the base was torn out of the base 
and the shell was divided into two parts along its length. 

Shell 3 was torn into three large and four small pieces. 

The charge in case of shell 1 was found in the shell, in 2 and 3 it lay in little 
clumps and separate grains partly in the shell, partly in the mine. 

The effect produced was brought about only by the priming cartridge of the 
fuze, which, if it be incapable of breaking asunder cast-iron shells or just barely 
capable of accomplishing this, will probably, in case of steel shells of great 
resistance, be only sufficiently effective to throw out the base screw. 

Such explosion experiments are often carried on with the thinner-walled 
shells at the gun-cotton factory at Walsrode with a similar result: never does 
the explosion of the fuze in its first position bring the charge of the shell to 
detonation. 

Although it is perfectly certain that the fuze will remain in this its first 
position till the shell strikes the object, yet in case of an explosion of the fuze 
in the bore of the gun (hence prematurely), no other effect than that just 
described could ever follow. That is, there may be a rupture of the shell, but 
never a detonation of the charge of the shell. Serious damage to the gun, 
bursting of the chase, must be regarded as specifically out of the question. 

On the other hand, it has been proven by many experiments at the gun- 
cotton factory at Walsrode that the fuze will bring the charge to full detona- 
tion as soon as it is brought into the second position by the impact of the shell 
and exploded. 


The results of the experiments here described may be summed up as follows: 

(1) Gun-cotton armor shells were fired without accident from the 21 cm, gun 
with an initial velocity of 430 m. 

(z) These shells passed through the 12 cm. thick compound plate, leaving 
an opening of the exact size of the shell, as well as the 60 cm. thick oak 
backing, then the rear wall of the explosion chamber, and finally 2 m. of earth; 
they therefore worked their way through an armor plate and several obstruc- 
tions for a distance of some 8 m., and burst only after the delay effected in the 
fuze was over. 

(3) The charge is sufficiently great to burst the strong thick-walled 21 cm, 
steel armor shells and break them up into pieces sufficiently large for effective 
action. 

(4) The fuze offers every security against any premature explosions in the 
bore bursting the chase of the gun or otherwise seriously injuring it. 

Since, then, the explosive used, wet gun-cotton in granular form, brings with 
it no danger either in its handling or as regards the shock which it receives in 
the shell in firing, and since, moreover, our method of charging, filling out the 
shell charged with granulated gun-cotton with melted paraffine, is in nowise 
dangerous, it appears to us that, by the important and guaranteed exclusion of 
premature bore explosions, the possibility of introducing gun-cotton as a 
charge for all shells is proven. The advantages presented by the sircager 
charge will in very many cases make this introduction desirable. 

Is it desirable, however, as is the case very generally, to regard the shell 
charged with a sudden explosive only as a weapon for special purposes, and to 
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limit one’s self to long steel shells with the greatest possible charge for use in 
mortars and howitzers: even for this purpose does our new fuze recommend 
itself, the principle of which, let us remark, may be applied for ignition at the 
head of the shell as well. 


AMORPHOUS CELLULOSE. 


[Translated from the Mittheilungen aus dem Gebiete des Seewesens, Vol. XVI, 
No. X, 1888, by ALBERT GLEAVES, Lieut., U. S. N.] 


Amorphous cellulose is obtained from cocoanuts at the factory of Torrilhon 
& Co., Chamaliéres, near Clermont-Ferrand. It is stated that the methods of 
its preparation are patented for all countries, but a similar preparation has 
been successfully made by a firm in Italy. 

Torrilhon & Co. are chiefly manufacturers of rubber goods, such as rubber 
tubing, etc., for railroad brakes and other supplies of like nature, rain-coats 
for the officers and soldiers of the French Army, and various descriptions of 
weather clothing. 

As already stated, the cellulose is made from cocoanuts. The method of 
manufacture is a secret, but it is known that it is not particularly difficult, and 
is accomplished by purely mechanical means, 

Properties of the Cellulose.—Amorphous cellulose consists of the pith or 
meal and the fiber. ‘The fiber has the natural color of the cocoanut and the 
strength of horse-hair. The fibers vary in length from three inches to twelve 
inches, and when twisted together resemble human hair. 

The meal, the real cellulose and the main constituent of the “kofferdams,” 
has also the peculiar brown color of the cocoanut, consists of small granules, 
and is mixed with numberless little threads of the fiber. The sp. gr. of the 
fiber and meal, in loose conditions and not compressed, is 65 kilos. per m*., 
and the sp. gr. of the compressed cellulose is 125 kilos. per m*. The cellulose 
absorbs a certain amount of water, and then byits inherent property of expand- 
ing when wet it fails to take up any more. Owing to its small sp. gr., which 
is even less than that of cork, it makes an excellent material for life-preservers, 
and when used in great masses serves as a means to keep afloat a severely 
wounded battle-ship. Cellulose that has been thoroughly soaked can, after 
drying, be used with the same results as when fresh; its appearance only is 
changed, the color becoming lighter. When used as a floating belt for ships 
it is packed in the compartments .125 m. thick; it gives off no unpleasant 
odors, and is not liable to decay, and is said to undergo no change during two or 
three years’ service. It is also reported that the passage of a projectile through 
it will not set it on fire, and in this respect it has a decided advantage overthe 
caoutchouc belt, which, on being pierced by a shot, begins to glow and evolve 
a smoke so dense, unpleasant, and absolutely intolerable that it is almost impos- 
sible to get to the leak. 

If dry cellulose in loose condition is ignited, it begins to smoulder and give 
off a whitish transparent smoke not altogether unpleasant. It leaves a black 
residue which greatly resembles fine soot, and which is easily pulverized 
between the fingers. 

The burning of the cellulose is retarded by the compression of packing; it 
is more difficult to inflame if it is compressed when moist, and impossible to 
do so when wet. 

A fair idea of the action of cellulose is given by the following experiment : 
Take an ordinary flask, fill it with water, and choke the neck with cellulose 
meal. Then invert the flask, and it will be found that the water will not run 
out at all, or only drop by drop. 
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Packing the Cellulose Belt of Ships. —When used as a leak-stopping material 
on board war-ships, the cellulose is mixed in the proportion of one part by 
weight of fiber and 15 parts by weight of meal. The operation of mixing js 
conducted as follows: 

Upon a table 6% feet square the fiber is thinly spread out in layers of .o8 
inch to.12 inch. The fiber forms only a network upon which to pour the 
meal, which is spread upon it in a layer from 1.6inches to 2 inches in thickness 
and evenly distributed by hand. The entire part is then divided into strips 6 
inches or 8 inches wide (6% feet long). It is then ready for packing in the 
compartments. 

The bottom of the compartment is entirely covered with the separate pieces; 
upon this layer a second, third, and eventually a fourth layer are laid. Upon 
this last layer a light board cover is placed, and upon the cover heavy weights 
or lead plates. If it is possible for a man to get into the compartment, the 


simplest way to pack the cellulose is by the weight of his body. The weights 
should be left on for a few minutes, and then fresh layers introduced and 
pressed in the same manner until the compartment is full. The man-hole 


plates are then screwed up. It is neither necessary to ventilate the compart- 
ments nor to examine them at regular intervals. 

Amorphous cellulose is stowed by the Government or private firms in bales 
of one to five tons. Both meal and fiber are packed in sacks which bear the 
mark of the factory. These sacks are 65 inches high and 94.5 inches circum. 
ference ; they contain 110 pounds of meal and fiber not compressed, or 176 
pounds compressed. As in both cases the cellulose is pressed together, it is 
advisable, before using it, to empty it out of the sacks and let it resume its 
natural thickness. 

Price.—1 kilo. of meal at the factory costs 1.75 francs. The cost of packing 
and transportation to the railroad station near Chamaliéres is 10 to 15 centimes 
per sack. The weight of the sack is included with the cellulose. 

Cellulose in the French Navy.—The French service was the first to adopt 
cellulose in the construction of their men-of-war, and Russia and Japan have 
followed the example. Large quantities of the material have already been 
used. In 1883 the orders from the French Navy amounted to 10,000 kg. ; in 
1884, 190,000 kg.; in 1885, 40,000 kg.; in 1886, 165,000 kg.; and in 1887, 
74,000 kg. Since 1886, 165,000 tons (long) have been used. The Amiral 
Cecille, 5766 tons, carries 40,000 kg. ; the Tage, 73,000 kg. ; and the Surcouf, 
26,000 kg. According to a statement of the factory officials, the Frency Navy 
has ordered and actually used 700,000 kg., Russia 80,000 kg., and Japan 
225,000 kg. It is also reported that the Italians, Spanish, Greeks, and Danes 
are using cellulose in the construction of their ships now building. 

Inspection.—The test of the cellulose for the navy consists of its inspection 
with regard to color, specific gravity, and particularly its capacity for absorb- 
ing water. Concerning the last, the test is conducted in this way: A chest- 
shaped receiver about 8 or 10 inches long is filled with cellulose. In the top 
of the chest is a hole 2 inches in diameter, covered by a fine machine-made 
sieve of twisted brass wire. The chest is suspended from a scale and sub- 
merged in water to a depth of 1o feet, and left there until it is known how 
much water is taken up in a certain time. The specification requires that not 
more than 13 pounds shall be absorbed in to hours, or 22 pounds in 18 hours. 
The increase in weight is read off directly from the scale. 

Firing Trial.—At Toulon a 27-cm. projectile was fired through a belt of 
cellulose. Only 14 or 15 liters flowed through the shot-hole, and most of this 
came through immediately after the shot ; after a little while the flow ceased 
entirely. 

The Factory Test.—To demonstrate the quickness with which cellulose acts 
in stopping a leak, the following experiment was made at the factory : 

A wooden cask divided into two parts by a thin white tin partition, 
is filled with cellulose to the required thickness of .125 m. The cask is 
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intended to represent a portion of the ship’s belt, and is placed in a second and 
larger cask, the space between the two serving as a water-chamber, The joints 
were all screwed firmly together and made perfectly water-tight. A rubber 
funnel with a stop-cock is fitted on top of the chamber and connected with a 
reservoir by a rubber pipe 2.8 inches in diameter. When the cock is openeithe 
water-chamber is in direct communication with the reservoir, which being 5 
feet above the cellulose, an adequate water-pressure is easily obtained. 

The object was to prove the small quantity of water that would be admitted 
into a ship by the penetration ofthe belt by a 15-cm. projectile. The flight of 
the shot was imitated in the following manner: 

A wooden model of a 15-cm. shell was secured on an iron rod .8 inch in 
diameter. The rod was shoved through the cellulose, and the wooden shot 
adjusted on the rod at a distance of 7.87 inches from the box containing it. A 
chain fitted with a slip-hook was shackled to one end of the rod, and at 
the other end of the rod was fastened another chain which led over a pulley 
and made fast to a weight of 3740 pounds. When the slip-hook was let go, 
the weight dropped 16% feet, drawing the rod, together with the wooden 
shot, through the cellulose. Five or six liters of water entered the cellulose at 
once, but the flow rapidly decreased, and in a quarter of an hour only one to 
one and a half liters per minute came in, This remained constant for two 
hours. The opening in the side of the box was then plugged with cellulose, 
and no more water entered. 

The value of amorphous cellulose as a leak-stopping material thus seems to 
be demonstrated, and its small sp. gr. and cheapness are further advantages in 
its favor. 

In conclusion it may be added that cellulose has been found to be a good 
excitant in an electric cell. In the factory at Chamaliéres elements of this 
kind are prepared. In a small cell containing the copper and zinc plates is 
placed cellulose, over which is poured dilute sulphuric acid. A battery of this 
kind is said to have run a year and given very little trouble. 


GRAYDON TORPEDO THROWER. 


Under the above heading we have drawings and descriptions of a number of 
Mr. Graydon’s alleged inventions. 

In the description of these inventions the following gives us the keynote of 
his plan: “The only pneumatic gun for military and naval purposes, designed 
to throw torpedoes of dynamite or other high explosives, heretofore brought to 
the attention of the Government, is that known as the ‘ Zalinski gun.’ Its 
operations have been attended with varying degrees of success, but its pro- 
moters have by no means solved the problem.” With this as a text he expands 
his system. Knowing that it would be an advantage to shorten the gun, he 
makes his gun one-half the length of the Zalinski gun and greatly increases the 
air pressure. He claims to be able to do this with perfect safety, “ owing to the 
peculiar system of handling the high explosives and charging the torpedoes so 
as to render premature explosion in the impulse tube or elsewhere impossible 
Srom any cause.”” There can be no doubt that Captain Zalinski bas thoroughly 
understood the advantages of short guns and high pressure, and has only 
adopted the length and pressure of his system after many experiments. We 
know his system to be safe. Mr. Graydon claims much, but has no results to 
back his claim. If his peculiar system of the high explosives and charging the 
torpedoes renders premature explosion impossible from any cause, why does he 
adopt air pressures limited by the power of the air compressors? Why not 
adopt gunpowder and throw his projectile from a modern high-power gun? He 
claims an extreme range of three miles and may be able to attain it, still it is 
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doubtful if this is any great gain over the Zalinski gun for naval purposes, 
The latter has a range of about one mile, and the opening range for the present 
powder guns fired from ships against ships is laid down at 2000 yards, as at this 
point the target will probably catch one-fourth of the shots fired. It is not prob- 
able that the aerial torpedo thrower, supplied with comparatively few projectiles, 
can open at a longer range with advantage. Many objections are urged against 
the Zalinski electric fuze, and Mr. Graydon claims to have a perfect electric 
fuze. Captain Zalinski’s fuze has proved a success in numerous trials, Mr, 
Graydon’s may dothe same. Another point: “ The rigid tail-piece employed 
in the Zalinski projectiles is an ungainly and cumbersome affair. The Graydon 
torpedo has a flexible telescopic kite-tail attachment which takes up no storage 
room, so necessary to economize in all cases; while it performs the part of 
guide and balance.”’ If the telescopic kite-tail will serve as a guide and balance 
it will be a gain over the rigid tail-piece, but knowing the difficulty experienced 
in the trials with the Zalinski projectile, owing to the insecure fastening of 
some of the vanes, it is doubtful whether the flexible telescopic tail will stand 
the test, particularly when higher velocities are attempted. ‘There are several 
other drawings and descriptions of revolving torpedo throwers, dynamite 
canister, shrapnel and grape that may or may not prove useful if ever brought 
to the test of a trial. 

The fact is, Mr. Graydon has taken the Zalinski system and noticed points 
where he thinks it would be an advantage if the system could be improved, 
and has then very ingeniously worked out these improvements on paper. The 
Zalinski gun has been tested and has received favorable reports : we have yet to 
hear of any trial of the Graydon torpedo thrower. Certainly it is difficult to 
believe that the military and naval officers of the United States are as credu- 
lous as this pamphlet states: ‘‘Three-fourths of the military and naval officers 
of the United States and of foreign powers approve the two chief inventions 
of Lieutenant Graydon, viz., the aerial torpedo thrower herein described, and 
also his system of firing high explosives from powder guns, as artillery 
practice proper.”’ R. W. 


INDORSEMENT OF THE HONORABLE SECRETARY OF 
THE NAVY ON THE REPORT OF BOARD ON 
TRIAL OF DYNAMITE GUN.* 


NAVY DEPARTMENT, WASHINGTON, February 21, 18869. 

The tests for accuracy of the pneumatic dynamite gun, the result of which is 
recorded in the within report, are satisfactory to the Department, and notice 
may be given to the company to that effect. The substance of the report is 
that, taking as a target a space upon the surface of the water 50 by 150 feet 
(which is considerably less than would be occupied by an ordinary vessel of 
war), and marking out by buoys one such target at 360 yards, another at 1700 
yards, and a third at 2100 yards from the muzzle of the gun, the points being 
selected by range shots, the pneumatic power worked with such accuracy that 
more than one-half of the projectiles fired at the respective ranges fell within 
the target in each case. These results are more than satisfactory. The 
effective range of the guns is also shown to be largely in excess of the require- 
ments of the statute and contract. The law provided for dynamite guns “of a 
10%-inch caliber, and guaranteed to throw shells containing 200 pounds of 
dynamite or other high explosive at least one mile.” The company constructed 


the guns of 15-inch caliber instead of 10% without additional expense to the 


Government, and this report records the fact that— 


*Army and Navy Register, March 2, 1889 














PROFESSIONAL NOTES. 387 


The twenty-second shot is notable as showing the range of the 15-inch pro- 
jectile carrying 500 pounds of high explosive to be practically beyond a mile, 
as the loss of a few more pounds of pressure would certainly have carried it 
over the 16 yards by which it fell short of that distance. 

In another portion of the report, referring to the explosion of a projectile 
containing 500 pounds of dynamite, it says : 

The crater formed by the explosion of this shell was, as may be seen from 
the photograph, something unusually fine even in the eyes of those accustomed 
to torpedo explosions. In this connection it may be well to note that no such 
mass of explosive has ever before been fired from a gun of any description. 

A 220-pound projectile was thrown a distance of about 13¢ miles. Minor 
defects in the working of the mechanism of a new weapon, such as this is, are 
to be expected until by practice and experiment details shall in all respects 
have been perfected. The general results of these experiments must be deemed 
to mark a notable event in the progress of the arts with which this Department 
is concerned. Very respectfully, W. C. WHITNEY, 

Secretary of the Navy. 


NAVAL GEOGRAPHY. 


It is the purpose of this article to suggest the collation of certain classes of 
facts possessing a naval bearing, hitherto treated of irregularly, separately, or 
else altogether overlooked, into a separate branch of study, and to advocate 
the incorporation of the same into the elementary naval curriculum, as a sub- 
branch of some existing department thereof. These facts, important in geo- 
graphical, commercial and military senses, would, when arranged in accordance 
with a certain scheme, constitute the data for the study of Naval Geography. 

Our geographies are faulty. They give but little evidence of any systematic 
effort towards the classification, in accordance with any scheme of relative 
importance, of the various towns and seaports set down upon their maps. 
Centers of activity, agricultural, mining and commercial, are often barely 
noted—sometimes altogether overlooked—while places that in the past may 
have played some momentarily significant réle are yet presented in their 
original magnitude. How many of them make any particular mention of Che- 
mul-p’ho, now the chief outlet of Korea, whose development is rapidly leading 
to the shifting of a national trade from a caravan route to China to an open 
road abroad by sea? How many point out that as many tons of merchandise 
now pass yearly through the Sault Sainte Marie as through the Suez Canal? 

_Again, geographical study should have to the naval student a peculiar 
Signification and bearing. Others view the sea from the land; he is to view 
the land from the sea. Being attached to the executive branch of the Govern- 
ment, the changes of the present are of more importance to him than the 
distributions of the past. It is with the aim of increasing his knowledge of 
the element upon which he is to serve, and of bringing up to date the knowl- 
edge that he may already possess, that the following classification of subjects, 
to be treated under the heading above given, is made. 

1. The Geography of the Seas.—A general description of the oceans, of their 
deep and shallow areas, their islands and archipelagoes, the natural position, 
character and structure of their dangers. A simple arrangement and classi- 
fication of the great and well-defined currents, and the winds that are subject 
to known laws of variation, with their prevailing directions at certain seasons 
of the year. The close study of the cyclone, however, is not here intended, as it 
involves the question of the handling of the ship, and could therefore be more 
properly discussed under the heading of Seamanship. A sketch of the ocean 
coast-lines, with the distribution of harbors as to character and frequency ; also, 
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a description of the tidal movement along them, and a mention of those shore- 
lines and areas that are as yet unsurveyed, or but partially surveyed. 

2. The Principal Steam and Sail Commercial Routes.—In direct ratio with the 
development of the ship and the advance in meteorological knowledge, the 
certainty of navigation and the definiteness of the sea-route have been increased, 
It has become possible to create ocean lanes for purposes of safety ; a regular 
variation in path, in accordance with the seasons of the year, may be observed 
for vessels navigating the waters of the temperate zone, while in tropical waters 
the routes taken by successive steamers from port to port are in many cases 
nearly identical at all times. 

The more certain knowledge of the winds of the globe has also led to 
increased regularity in the movement of sailing craft, and has brought about 
not only a reduction of traversed area, but also an actual shortening of time of 
passage. Of this the work of Maury, who, from the comparative study of data 
obtained from the logs of a large number of sailing vessels running from New 
York to the equator, succeeded in mapping out a route by the following of 
which the average time of passage could be reduced ten days, is a brilliant 
example. 

3. The Great Trades of the World.—The transfer of staple commodities 
across the ocean is in accordance with general laws governing time of ship- 
ment, production, and direction of movement. The student should know 
something of our own foreign commerce, of its nature and distribution, and of 
those of our own products upon which other countries are more or less depen- 
dent for support. 

4. Naval Ports, Colonies, and Coaling Stations.—The chief commercial ports 
and naval stations of the world are centers of financial, engineering and 
military enterprise, and as such are of especial interest to the naval student. 
Short descriptions of these, with notes as to size, character and extent of 
harbor, should be given. Special attention should be paid to those of our 
own country. 

The colonial possessions of other countries; their relations, political and 
commercial, with the mother country. The position and importance of coaling 
stations. It may be well to add that under this head no more than a brief 
statement of facts would be made, the discussion of strategic questions belong- 
ing elsewhere, and for minds more mature than those for. whom this elementary 
collection of data would be intended. 

5. Communications.—A brief description and enumeration of the chief trans- 
oceanic steamer lines, especially those that carry the mails, and those that are 
under government subsidy, giving their itineraries. Notes on the world’s 
network of telegraphic cables, on the general character of cable landings, andon 
proposed extensions of the system. 

6. Meteorology.—The advances that have recently been made in meteor- 
ological science. The system of simultaneous international meteorological 
observations. Maury’s weather charts. The “square” system. Recent 
U.S. naval meteorological work. The North Atlantic pilot chart, Systems 
of coast signal stations and weather forecasts. Meteorological instruments 
in practical use afloat. Employment of the same. Errors to be avoided in 
observation. 

The above is a brief résumé of the subjects to be included under the head 
of Naval Geography. Should the study ever be developed, it is very probable 
that its scope would be modified, and the matter herein not dwelt upon would 
be taken up. 

Any departure from existing methods becomes doubly worthy of considera- 
tion when it has met with the approval of those in authority. It happens that 
in this case not only has approval been given, but that a step towards the estab- 
lishment of such a course has, in one country at least, been made. Among the 
programmes of subjects studied at the Russian Naval School in 1887-8 was one 
entitled “ Statistics and Geography of the Seas,” of which I here give a rough 
translation. 
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STATISTICS AND GEOGRAPHY OF THE SEAS. 


Definition of statistics. Development of statistics. Relation of statistics 
to geography and history. Statistical fact. Methods of representing statis- 
tical facts, arithmetical and graphical. Statistical institutions, temporary and 
permanent. Definition of empire. End of empire. 

Territory.—Importance of territorial relation. Meaning of the development 
of boundary. Relation of boundary to area in Russia and in other first-class 
European empires. Peculiarities of movement of trade for ports of the Baltic, 
Black, Azov and White Seas. Peculiarities and particulars of the water 
boundaries of Russia. Statistical review of Russia, orographic and hydro- 
graphic. Influence of extent on the welfare of the Empire. Influence of the 
extent of Russia on its political and economical relations. Influence of soil 
and climate on the welfare of its inhabitants. Soil of Russia; climate of 
Russia; distribution of atmospheric precipitation. 

Population.—Theory of Malthus. Movement of population ; classification of 
population by sex and age; births, deaths, causes influencing death, natural 
causes ; climate and soil in relation to age ; disease; means of existence ; kinds 
of occupations ; acclimatization; enumeration of population. 

Popular Activity.—Conceptions of needs, utilities and values. Labor and its 
role. Capital and its réle. Savings banks; insurance companies. Union of 
capital (shares, obligations, dividends). Agricultural system in Russia, and 
special features thereof. Products of Russia: breadstuffs, beet-root, potatoes. 
Horticultural gardening, forestry, raising of cattle. 

Geography of the Seas.—Great or Pacific Ocean. Position, size, importance 
in the world’s trade. Time required to cross. Sea, gulfs and straits. Change 
of name on coast of Asia, America. Inhabitants. Foreign and native popula- 
tions. Notes on docks, dock-yards, trade centers, coal deposits and other 
belongings. Telegraphs and commerce. Ocean cables. 


Such is the scope of one branch of Russian naval education, one to which we 
can offer in our system no parallel. In some respects there is none needed, the 
generalities of the Malthusian doctrine, and the relations, social and political, 
of the members of an empire to one another, being of no importance to us. In 
others this programme would seem well worthy of attention, as it bears witness 
toan effortto place before the student matter of professional importance which 
is of a nature closely in keeping with the progress of the day, and which is not 
treated of in any other department of professional study. 

Should it be deemed advisable at any future time to develop this subject, an 
elementary text-book could easily be compiled from the sources of information 
now available to the Office of Naval Intelligence. 

J. B. BERNADOU, Zusign, U. S. Navy. 





KRUPP’S TRIALS OF A NEW POWDER. 
[Deutsche Heeres-Zeitung, February 9, 1889.] 


Krupp’s last report, No. 73, October, 1888, gives a very important account of 
experiments with a new powder manufactured by the “ United Kheinisch- West- 
phalian Powder Co.” According to the report, the brown prismatic of this com- 
pany has been as successful as that of the Rottweil-Hamburg Factory, without 
an important increase of pressure. 

_ After long trials the United Rheinisch-Westphalian Company has succeeded 
in introducing a new powder, which not only does more work than the earlier 











390 PROFESSIONAL NOTES. 


powders, with less pressure, but which also possesses the property of evolving 
much less smoke, a result which has been desired for a long time. 

Krupp has at last given tothe public the result of the trials with this powder, 
and the information merits the closest attention of the military world. 

There are two grades of the new powder, namely: 1, Rough granulated gun- 
powder C/86, for use in the small calibers (4 cm. to 8.7 cm.), and 2d, prismatic 
powder C/86, at present used and treated in the medium calibers (10.5 cm. to 
25 cm.). ¥ 

The first kind, the rough granulated powder, corresponds pretty closely in 
form, coarseness of granulation and color with field cannon powder in use until 
recently, but differs in composition. The advantages claimed are, Ist, greater 
efficiency per kilogram ; 2d, easier recoil ; 3d, less and thinner smoke, disap- 
pearing more rapidly, thereby interfering less with sighting ; and 4th, less flame, 

On the other hand, the new powder has the disadvantage of being much more 
hygroscopic than the old. But, since it is necessary to pack even the old 
powder in air-tight cases to preserve its efficiency during long stowage, this 
objection is not so great as it would be if the powder were stowed in kegs. In 
order to preserve this powder in cartridges during transportation in the field, 
metallic cases, such as were used during the experiments, will probably have 
to be used. 

The trials of the powder showed, Ist, the increase of efficiency per kilo. as 
compared withthe old; 2d, the proportion of the increase of efficiency ; and 3d, 
the loss of efficiency due to long stowage. 

The following table shows a summary of the experiments: 


Powper 


Gun Caliber Projectile. Initial Pressure, 
Weigl Velocity. | Tons per 
Inches eignt Pounds f E sq. i 
names Nature Charge : . -8 $q. In, 
Nature. g 
Ounces 


1.575 G. G. P. C/86 (new). 12.35 1.76 2145 13-7 
™ R. 8.85 (old). 12.35 “ 1860 12 
“ G, G. P. 6-10 cm. H. 85 (old). 14.11 “ 1975 14.2 
os G. G. P. C/86 (new). 10.58 “ .| so0s | Sta 
1.968 ” - 21.64 3.85 1991 | 13-6 
" os = 22.93 22 2054 | 13-95 
“ R. 8.85 (old). | 29.98 i 1955 16 
“ G. G. P. 6-10 cm. H. 85 (old). 1.64 . 1597 9.7 
2.362 G. G. P. C/86 (new). 35-27 6.6 2011 | 134 
as R. 8.85 (old). 47.02 - 1902 14.2 
o G. G. P. 6-10 cm. H. 86 (old).| 35.27 | “ 1620 11.8 
(30 peng G. G. P. C/86 (new). | 42.33 8.36 1512 11.15 
” R. 8.85 (old). §2.91 | “ 1486 13-7 
(40 a G. G. P. C/86 (new). |} 70.55 “ 1928 13-95 
“ 10-13 cm. H. 80 (old). 70.55 “ 1519 12.1 
3-307 G. G. P. C/86 (new). 49-38 15.4 1746 14.2 
“ R. 8.85 (old). 63.49 ? 1657 15-4 
3-426 G. G. P. C/86 (new). 38.80 | 15 1368 
“ 6-10 cm. Hg. 84 (old). | 5§2.91 | “ 1401 


From these results it follows that the new powder G. G. P. C/86 is about 
1% or 1% times more efficient than the old, and that for the same velocities 
only 3¢ of the amount used in the old charge is required. 
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The following table exhibits the evenness of performance of the new powder : 





Date. Gun, 2s é 
FAO 

24 May, 87 7.5cm.| 47-02 
ad a) “ 47.62 
8 Jan. "88 “ 47.62 
27 July, 87 7.5m.) 42.33 
2 Mar. 88, “ 42.33 
22 July, 88 8.4 cm.) 49.38 | 
27 July, ’88 49.38 


As the powder 








3 

os J 4 | & 

Ev istls Difference. Remarks. 
S22 | 38 | 3 

Sam | 2a) <e 

19.41 5 11633 +6%' and — 23’ |Service cartridges 
19.41 § |1633 + 10’ 

19.41 | 10 |1637 + 10’ and —6",' 

23-99 | It |1594 +16 and —13' |Metallic cartridge 
23-99; 5 |I591 + 7’ and— 3 cases, 

24.69 | 10 |1699 + 16' and —137 

24.69 | 10 |1706 +13’ 


opinion may be formed from the experiment of its keeping qualities. 
We give here only some of the results lying farthest apart, and therefore 
showing proportionately the greatest differences. 


Date. Gun. Powder (new). Charge. Projectile. 
March, 1887 | 7.5 cm. | H. 8.86, No. 132 | 44.1 ozs. | 24 ozs. 
March, 1888 4s “ “ a 
June, 1886 " H. 5.86, 113 I/III | 47.6 ozs. “ 
March, 1888 “ “ “ “ “ 


Initial 
velocity 


1627 | 
1614 | 
1047 | 
1623 | 


has already been stowed two years in the magazine, an 


Pressure. 


Tons. 


3-15 
13-25 
13.15 
13-1 


These firings, besides others given in the report, show that the new powder 
does not lose more in velocity than the old rough granulated powder. 


The new prismatic powder of 10-15 cm. ( 


P. P. C/86 
10-1 5 cm. 


) was tested in the 


10.5 cm. of 35 cals., 15-cm. gun of 25 cals., and the 15-cm. siege guns of 28 


P. P. 


and 30 cals., and gave results equal to the old prismatic powder, 


in these guns. 


PowpDsr. 


| Projectile. 





C. 82 


10-15 cm. 
5 
It is sufficient to quote here some of the results obtained from the two powders 


Initial 
Velocity. 


1729 
1037 

736 

736 
16060 
1070 
1945 
1942 


Pressure. 


12.9 
13-7 
14.1 
15-7 
11.3 

3-4 
15-4 
16.7 


Gun 
Nature, Charge. 
10.5 cm. New. 8.6 lbs. | 39.7 lbs. 
- Old C. 82. \10.4 39-7 
15 cm. (siege) 28 cals. New. 18.7 86 
” sas Old C. 82, 33-1 86 
15 cm, (siege) 30 cals. New. 17.6 86 
“ “ Old C. 82. ——‘j22. 86 
15 cm. (naval) 35 cals. |C. 86, 15-20 cm./34.2 110 
“ “ C. 82 (old). [51.8 110 
The above tables, and almost all the rest of the data contained in the report, 
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show, tst. That the efficiency of the new prismatic C/86 is really greater per 

kilo. than the old C.82. 2d. That the powder C.86 gives the same initial 

velocity with less pressure than the old C.82. 3d, That with C/86a velocity 

can be obtained without exceeding the allowable pressure that C/82 cannot 
ive. 

While the United Rheinisch-Westphalian Company are to be congratulated 
on their success, the country is scarcely in a condition to profit by their rapid 
advances in powder-making, as the magazines are at present filled with the 
old powder. A. G, 


THE GUN OF THE AMIRAL DUPERRE. 
[Translated from the Deutsche Heeres-Zeitung. | 


The terrible accident on board the Amiral Duperré is still fresh in the public 
mind. On the 12th of last December the 34-cm. (13.4-inch) gun in the after- 
turret of this ship was burst by the ordinary service charge of powder. The 
breech of the gun was blown overboard after it had penetrated the shield which 
protects the crew from shots from the rapid-fire and revolving guns, An 
officer, sub-officer, the chief mate, and three seamen gunners were killed. 

As this is the first serious accident to our ordnance since the introduction of 
steel guns in the fleet, all possible theories have been advanced to explain the 
cause. Instead of giving ourselves up to such speculations, it seems wiser to 
await the official reports, which will not be published until a thorough exami- 
nation has been made of the gun and powder. A brief description of the gun, 
however, will be appropriate. 

The gun is of the model of 1875, and was one of the first of the new steel 
construction introduced inthe French Navy. It was entirely of steel, strength- 
ened on the outside by hoops, and on the inside by a tube extending as far as 
the screw-box. The charge was 258 pounds W. 30/38 powder, the projectile 
weighed 726 pounds, and was a steel shell. The initial velocity was 1595 
f.s. It will be well to remember these figures. 

The ordnance of 1875 was antagonized by many of the best naval artillery 
officers, and was bitterly opposed by the distinguished and lamented General 
Frébault, The Ruelle Foundry at this time guaranteed every security for cast- 
iron, but steel, on account of its lesser weight and other good qualities, had 
warm advocates in naval councils, and finally won the victory. Cast-iron was 
banished from the coast defense, and steel was exclusively used for naval guns. 
The model of 1875, however, was not perfect, and artillerists and metallurgists 
set to work, the former to improve the methods of gun construction, the 
latter to improve the metal, and with such success that the guns and the steel 
of to-day are vastly superior to the model of 1875. Besides, trials on the 
proving ground at Gavres hac shown the advantage of a few changes in the 
old model, and of strengthening the gun by the introduction of a tube the 
entire length. The changes were adopted for the guns then in course of con- 
struction, but as, since the arming of the fleet with these guns, no accident had 
happened, it was not deemed necessary to strengthen the guns already afloat. 
Time passed, and a new factor entered into the question; the rough granu- 
lated powder which had been used in former years was displaced by the brown 
prismatic powder of hexagonal prisms. This powder, commonly known as 
cocoa powder, burnt slower, strained the gun less than the granulated powder, 
and imparted a higher initial velocity to the projectile. After long trials it 
was introduced in the service. The gases evolved from this powder produced 
an immense pressure in the chamber and bore of the gun, but it had been 
proved by experiment that a heavy, well-constructed gun easily endures 4 
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chamber pressure of 16 tons to the square inch. Considering this fact, and 
after a number of firings, it was concluded that a charge of 304 pounds of 
brown powder, P. B, S., did not strain the 34-cm. gun as much as 258 pounds 
of W. 30/38. With the former charge an initial velocity of 1823.6 f. s. was 
obtained instead of 1595 f. s., and consequently the gun had greater range and 
deeper penetration. As is well known, it was the use of this charge of 304 
pounds that burst the gun, ; ; ; 

It will be seen from what has been said that the accident is attributable to 
one of three causes : the metal, the construction, orthe powder. Previous trials 
at Toulon have demonstrated that the metal was perfectly sound; although 
infinitely better steel is produced to-day, this showed neither flaws nor blisters. 
Concerning the construction, a careful examination of the other guns of this 
model have shown them to be in excellent condition, But as recent guns are 
far superior to those built in 1875, and such great progress has been made in 
construction by the employment of separate parts, no one can affirm that the 
model of 1875 was free from danger. 

The question of powder remains to be considered. Brown powder has been 
in use a comparatively short time, and although it was tested before issue with 
the greatest care and caution, that on board the Amiral Duperré was 
found to be in an especially peculiar condition. The temperature in the 
magazines where the powder was stowed was found to rise at times as higa as 
127° F. The powder thus exposed to an abnormal drying process would natu- 
rally burn quicker than any one could foresee, and the great pressure it 
developed when fired was sufficient to burst the gun. 

In order to avoid accidents in future, it is only necessary to reduce the charge, 
and this has been done already. Admiral Krantz has ordered that hereafter 
the charge shall be calculated with reference, not to the pressure, but to the 
initial velocity of 1595 f. s., which had been fixed originally for the 34-cm. gun 
of the model 1875. In this way the advantages of brown powder will be 
obtained by relieving the strains in the bore rather than by improving the ballistic 
qualities of the gun. It has also been ordered that the magazines of ships 
shall be better isolated, in order to avoid the excessive rise of temperature 
which was observed on board the Amiral Duperré. 

Conclusions.—It can be assumed that the catastrophe which we have to 
deplore was purely accidental, and that the quality of the steel should not be 
questioned, as the metal does not appear to have been in fault. Finally, we 
maintain that it is good to repeat our assertion that the later models are 
immeasurably superior to the original construction; that since 1875 great 
advances have been made in the fabrication of guns ; and that all accidents can 
be avoided by not straining the gun to its utmost*limits of endurance. 

We have just passed through a period which favored the dangerous maxim 
to “‘claim for every war-engine the highest efficiency.” As a consequence of 
this erroneous demand, accidents without number have occurred in France and 
other countries to ships and engines of light build. A reaction has justly set 
in against this system, the dangers of which we have from time to time pointed 
out, and it is to be hoped, in the interest of our finance and naval material, that 
we will not have a repetition of a doctrine which has been attended by such 
disastrous results. A. G. 





SEAMLESS TUBES FOR GUN-MAKING. 


Another advocate of mild steel, William Henry Browne, has brought for- 
ward a method of building up modern high-power guns. This is done under 
his patents for drawing seamless tubes from boiler plates. “A circular piece 
of mild steel boiler plate is rolled until it is certain there are no cavities in it (?). 
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The plate is one-half inch in thickness, and is pushed through dies by means 
of hydraulic pressure. This dishes upthe sides of the plate until it resembles 
asaucer. The process is repeated until a tube of the required diameter and 
about one and one-eighth inches in thickness is formed. The sides are abso. 
lutely uniform in thickness. The bottom is then cut off, and similar shells or 
tubes of larger diameter are formed ahout the core. These form the barrel of 
the gun, and the shells are so closely united that layers cannot be detected 
when the ends are turned in a lathe. Shorter tubes are added to reinforce the 
butt of the gun.”’* 

He claims that the finished tubes have stood the test of 100,000 pounds to 
the square inch when made of plate of 60,000 pounds tensile strength. He 
says: “The shells are necessarily true inside and out, and by being passed 
through the dies colda few times become hardened. This is where the tensile 
strength is increased.” 

It seems as if 100,000 pounds tensile were rather high for mild steel, and 
that drawing cold might cause a cold flow of metal that would leave injurious 
strains and stresses. This is but another form of a built-up gun, using milder 
steel than that ordinarily used. By a greater amount of work he may be able 
to produce the same tensile strength as in the ordnance steel, without destroy- 
ing the elongation, etc., and his process may have the advantage of being 
cheaper. The trouble generally with the advocates of new methods of gun-mak- 
ing is that they assume they can produce the same effects with large masses as 
with small, and inthis they almost invariably fail. There is one great advantage 
of this method over that of casting. You should be able to tell from the tubes 
the class of gun you were getting, and not be troubled with hidden defects, as 
in casting. Again, if one good gun was produced, there should be no diffi- 
culty in producing any number ; whereas, even if one good cast-steel gun could 
be produced, there would be no certainty that the man who made the cast 
might not fail in making others, and a great uncertainty as to whether others 
could cast successfully by the same method. The advocates of cast-steel guns 
expect to produce the effects of work in the metal without the trouble and 
expense of working it, and by using masses of metal of low tensile strength to 
make a gun that will stand high strains. This they will do when the perpetual 
motion machine is invented. The method of gun-making under consideration 
has the advantage of proposing to work the metal, the question being if it can 
be done cheaply and produce the effects as claimed. R. W. 


* The Zvening Fournal, Jersey City, N. J. 
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military carrier-pigeon race at Kiew, Russia. Review of the British 
navy up to January, 1888. Description of the Howell torpedo. 

January 19. Description of a new electric apparatus, indicating, 
by means of a floating cylinder filled with mercury and connected 
with an electric battery, when the vessel is in shoal water. List of 
the dead and wounded during the fight at Samoa. 

JANUARY 23. Description of the large electric lighthouse on the 
Isle of Wight. Biographical sketch of Count v. Monts, late Admiral 
of the German navy. Notes on the Nordenfelt electric torpedo. 

January 26. Account of the engagement between the German 
gunboat Meteor and the French despatch-boat Bouvet in_ 1870 
(related in connection with the promotion of Rear-Admiral Knorr, 
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former commander of the Meteor). Discussion at the German 
Reichstag of the naval estimates for 1889. Proposed stations of the 
vessels of the Italian navy for 1889-90. The bursting of the gun of 
the Amiral-Duperré (translated from Le Zemps). 

FEBRUARY, 1889, No. 10. Proposed increase of 5700 men to the 
corps of enlisted seamen of the Italian navy; total force for 1889-90, 
20,300 men. The German fleet of ironclads as compared with the 
fleets of ironclads of England, France, Italy, and Russia. 


Nos. 11, 12. . Drill regulations for field artillery. Report LXXIII 
of target practice with Krupp guns, containing important information 
of trials with a new powder from the Rheinisch-Westphilischen 
powder mills. 

The advantages of this new prismatic powder, as claimed, are, besides pro- 
ducing very little smoke, fire, and an easy recoil: rst. Greater effective power 
per kilo as compared with the old powder; 2d, same velocity with less pres- 
sure as compared with the old powder; 3d, possibility of obtaining greater 
velocity without exceeding the standard pressure as compared with the old 

+ powder. 

Complete list of the killed and wounded German officers and men 
during the fight at Apia, Samoa, December 18, 1888. 

14 killed and 40 wounded, 3 of whom have since died. 


No. 13. New target regulations for the Italian infantry. The new 
English drill-book. Account of the French naval manceuvres at 
Toulon. 


FEBRUARY 16. Putting in commission of vessels of the German 
navy for the present year. Proposed expenditures of 32,000,000 lire 
for the Italian navy in ’89-’90. Proposed fortifications of the harbors 
of Cherbourg, Brest, and Toulon (total cost, 67,000,000 francs). 

MARCH 2. - On the history of the German navy. Order by Em- 
peror William congratulating the officers and men of the vessels 
Olga, Adler, and Eber on their bravery in the engagement at Samoa. 
Detail of relief crews for different vessels of the German navy stationed 
at distant ports. Imperial order on the disposal of the prizes taken 
during the blockade of the east African coast. 

MARCH 9. Detail of crew for the Imperial yacht Hohenzollern. 
Proposed increase of the English navy. 

MARCH 13. New regulations for the enlistment of naval appren- 
tices in the Italian navy. 


Marcu 16. English navy ship-building programme. 

MARCH 20. The increase of the English navy (70 new vessels, to 
cost 21$ million pounds sterling). Organization of a new battalion of 
marine infantry of the I. German navy. New cadets and officers for 
the Italian navy. Stranding of H. M. S. Sultan. 

MARCH 27. Imperial order on the organization of a new battalion 
of marine infantry. Marine school of telegraphy. 


MARCH 30. Modifications in the German marine budget. Sinking 
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of a French torpedo-boat. Unsatisfactory trials with the electric 
submarine boat Peral at Cadiz, Spain. 

APRIL, No. 27. Official report of the loss of the German vessels 
at Apia. 

No. 28. New regulations for salutes and signaling with flags, 
Imperial proclamation on the loss of the officers and men of the 
German vessels Adler and Eber. New regulations for admission 
to the Italian naval academy at Livorno for 1889-90. England: 
Programme of the fleet for 1889. Launching of new gun and tor- 
pedo-boats. Recruiting of marines. Russia: Naval estimates for 
1889. 

No. 29. Information on the movement of German vessels. 

No. 30. Coastartillery in Italy; tests of new guns for coast defense, 

No. 31. Italy: Trial trips between Genoa and Spezia of six new 
torpedo-boats. Grading the course of students at the Italian naval 
academy. England: Condemnation of 30 English war-vessels of 
obsolete type. 

Nos. 32, 33. England: Health report ofthe English fleet for 1887. 
The completion of the new gunboat Pigmy at Sheerness, and launch 
of the torpedo-cruiser Spanker. The new cruiser Pallas, to be built 
at Portsmouth for the Australian government, and launch of the screw 
despatch-boat Beagle. Brazil: The association of naval officers of 
Brazil is publishing, since October, 1888, an excellent monthly period- 
ical under the title of Boletim do Club Naval, its object being the 
promotion of professional studies in the Brazilian navy. H. M. 


INSTITUTION OF MECHANICAL ENGINEERS (LONDON), PRO- 
CEEDINGS. 

OcTOBER, 1888. Description of Emery’s testing machine (ad- 
journed discussion). Description of the compound steam turbine 
and turbo-electric generator (plates). 

Advantages.—The characteristic advantages of the turbo-electric generators 
may be summed up as follows: Steadiness of the electric current produced, 
arising from the high speed and the momentum stored in the moving parts; 
freedom from accident on account of simplicity and direct action ; small first 
cost, and small cost of maintenance of machine and lamps ; small consumption 
of oil; little attention required; small size and weight for the power devel- 
oped, which is about nine watts per pound of weight in the whole machine, 
including both engine and dynamo; consequently they are specially suitable 
for torpedo-boats and fast cruisers where weight and space are of the utmost 
importance, 


Report upon experiments on double-riveted lap and butt joints, 
made with thicker plates and larger rivets closed under heavier pres- 
sures (plates). F. H. E. 
THE JOURNAL OF THE AMERICAN SOCIETY OF NAVAL ENGI- 

NEERS. 

The Journal of the Association of Naval Engineers has met with well merited 

favor by the officers of the Navy. This organized effort of the officers of the 
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Engineer Corps to advance professional research, and place upon record valuable 
results of the experience and study of naval engineers and others interested in 
that profession, is a natural outgrowth of the spirit that is accompanying the 
rehabilitation of our Navy. The Institute extends a warm welcome to its 
sister society, and wishes it a prosperous and useful career, 


FEBRUARY, 1889. Progressive trials of the steam barge of the 
commandant of the New York navy-yard. Duty and capacity tests 
of the high-service pumping engines, Washington, D.C. Some prob- 
lems in propulsion. Notes on coals of the Pacific coast. Increase 
of horse-power for a given speed due to foul condition of ship’s 
bottom. Notes on quadruple-expansion engines. 

May, 1889. Phenomena attending ship propulsion. Coals of 
Alabama. Screw propeller action. Inspection and tests of steel 
plates. Forced draft trial of U. S. S. Yorktown. Formula for 
diameter of cylinders for successive expansion engines. Develop- 
ment of the marine engfe (translation). Detecting adulterations in 
olive oil. Recent merchant steamers. F. H. E. 
MITTHEILUNGEN AUS DEM GEBIETE DES SEEWESENS. 

VoLuME XVI, No. 12, 1888. Procedure in designing ships’ engines. 
Contribution to the question as to the advisability of appointing 
naval officers consuls in ports. Memorial on the budget for the 
administration of the Imperial German Navy for the fiscal year 1889- 
g0. Right of way at sea; how has a merchant vessel to behave 
when meeting a manceuvring fleet? Roumanian coast-guard vessels. 
Firing trials against French and Italian armor plates. English 
engineer pupils. The Italian armor-clad Re Umberto. Torpedo- 
boats for Russia. Torpedo-boats and vessels with triple-expansion 
engines which have been built and are in course of construction by 
F. Schichau in Elbing. Submarine boats. Flash powder for use in 
the illumination of coasts. Literary reviews: Influence of the 
drift-angle in collisions, by Drs. C. Schilling and H. Wiegand. 
Naccori Guis, Lezioni di astronomia nautica. Development of the 
ship’s engine during the last decade, by Carl Busley. Cours d’as- 
tronomie pratique, par E. Caspari. Types des calculs nautique 
(Ecole navale). Index of periodicals. Bibliographie. 

VoLuME XVII, Nos. rand 2. Two essays on torpedoes (Captain 
Grenfell, R. N., and Lieutenant-Commander Reisinger, U. S. N.). 
Study on the physical relations between the Black Sea and the sea of 
Azow. Steam manual for H. B. M. fleet (translated from the English). 
Estimate for the Italian navy for the fiscal year July 1, 1889, to July 
I, 1890. Transportation of torpedo-boats on railroads (translated 
from U. S. Naval Intelligence Publication). Trials of torpedo-boats 
in Spain. Yarrow diverging torpedo-gun. New American torpedo. 
New torpedo-boat for the United States. Snyder’s dynamite pro- 
jectile. American cast-steel guns. Effect of melinite projectiles. 
Permanent log, Michel system. Regulation in regard to special 
firemen for the French navy. Byers and Storey’s Reliance anchor. 
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Pugan’s “cable anchor.” New apparatus for throwing dynamite pro- 
jectiles. Further experiments with cellulose. Method of discovering 
location of leaks in iron vessels. New vessels for the English navy, 
Establishment of “ L’Association Technique Maritime” in France, 
Further firing experiments against the armor-clad Resistance. _Lay- 
ing of the keel of the protected cruiser of the third-class, Bartam, 
Defense of the mouths of English rivers. Defense of English 
coaling stations. The English torpedo-gunboat Sharpshooter. Tor- 
pedo-boats for India. The dynamite cruiser Vesuvius. U. S. cruiser 
Charleston. Steam launches for the Congo. New cruiser for Japan, 
New gunboat for Japan. Launching of the wrecking steamer Kraft. 
Mobilisation of French torpedo-boats. The Russian armored cruiser 
Imperator Nikolay I. Nourishment of shipwrecked persons on the 
open sea. Trial of the submarine boat Peral. Italian auxiliary fleet, 
Torpedo factory in Venice. Torpedo-nettings, Solomiac system, 
Accumulators with alkali fluids. Lowth’s telephone. Examination 
of officers of the Austrian-Hungarian merchant marine. The motors 
used on the earth. Oil on the sea. Bridge across the English 
Channel. Aluminium bronze and other aluminium alloys. Literary 
reviews: The decisions of the courts in the collision of the Sophie 
and Hohenstauffen, by Dr. H. Wiegand. Use of fluid fuel for ships’ 
boilers, by Karl Busley. The care of sick in the house and in the hos- 
pital, by Th. Billroth. Une page d’archéologie navale: les caboteurs 
et pécheurs de la Tunisie, by Captain P. A. Hennique. Arms used 
in warfare, by Emil Capitaine and Ph. von Heotling. The last globus 
of Johannes Schauer of 1523, by Dr. Franz R. von Wieser. 
E. H. C. L. 
PROCEEDINGS OF THE INSTITUTION OF CIVIL ENGINEERS, 
LONDON, 1889. 

Friction-brake dynamometers; description, discussion, and corres- 
pondence. The friction of locomotive slide-valves. The speed trials 
of the latest additions to the Admiral class of British war-vessels, 
Camperdown and Anson. 

Descriptions of hulls and machinery, and accounts of the trials, with curves 
of displacement, midship section, and indicated thrust ; twisting movements on 


cranks, and tabulated particulars and results of trials, and plate of engines of 
Anson. F. H. E, 


THE RAILROAD AND ENGINEERING JOURNAL, 

FEBRUARY. The development of the military rifle (continued). 

MARCH. Spirally welded tubes (illustrated). 

APRIL. The development of the modern high-power rifle cannon. 
The latest English battle-ship, the Victoria (illustrated). F.H.E. 
REVISTA MAKITIMA BRAZILEIRA. 


Nos. 1 TO 5, JULY TO NOVEMBER, 1888. War material manufac- 
tured in the pyrotechnic laboratory of Campinho, by Lieutenant 
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F. H. Ancora da Luz. Double tides in the bay of Rio Janeiro. 
Armored turrets. Military jurisprudence. Foreign chronicle. 

J. B. B. 
REVISTA MILITAR DE CHILE. 


No. 27, DECEMBER 1, 1888. Project for reorganization of the 
army, by Lt.-Col. Don J. C. Salvo, Study on field-artillery tactics, 
by.Captain Don A. Fuenzalida. Considerations on the commissariat 
of an army, by Ensign C. L. C. The pneumatic gun (translation), 
by Sergeant-Major Don R. S. Goai. Statistics of the armies and 
navies of European nations (translation), by Lt.-Col. R. V. O. 

No. 28, JANUARY, 1889. Study on field-artillery tactics (conclu- 
sion), by Captain Don A. Fuenzalida. Fundamental principles of 
attack, and formations for attack with cavalry: principles demanded 
by the conditions of modern warfare, by Captain Don A. Fuenzalida. 
Suggestions for the formation of a permanent staff in the Chilian 
army, by a General Officer. On the proper disposition of cavalry 
(translation from the English), by Lt.-Colonel Don R. V.O. The 
pneumatic gun (conclusion), by Captain Don Benjamin Villareal. 

No. 29, FEBRUARY. Carrier-pigeons (editorial), by Lt.-Colonel 
Don José de la C. Salvo. Experiments made in foreign countries on 
the reducing of gun calibers (translation), by Captain Don Recaredo 
Amengual. Disbanding of the northern garrisons, by Captain Don 
A. de la Cruz P. Prisons and military offenders, by Ensign Don 
G. de C, J. B. B. 


REVUE DU CERCLE MILITAIRE, 
JANUARY 20, 1889. The réle of the three arms in battle, and the 


future armament of the infantry. 

The increased range and precision of modern firearms, everybody admits, 
necessitate corresponding modifications in the special use of the three arms of 
the service. The object of the present article is to discuss the nature and 
extent of those modifications. 

Instantaneous photography applied to military arts (illustrated). 

Naval architecture: II. Iron age (continued). 
_ JANUARY 27. Russian army manceuvres combined with exercises 
in firing in battle. Instantaneous photography. Study of the resist- 
ance of air to the motion of projectiles. Naval architecture: III. The 
steel age (ended). 

FEBRUARY 3. Machine and rapid-firing guns. 

FEBRUARY 10. New regulations for infantry manceuvres in 
France. A military reconnaissance by Vauban, as related by him- 
self. The Turkish straits’ defenses (with map): I. The Dardanelles. 

FEBRUARY 17. Shall the lance be restored to the cavalry? The 
Turkish straits: II. Constantinople; III. The Bosphorus. 

FEBRUARY 24. Therights of nations in war times. An ascension 
of 3000 meters performed in three days with a mountain battery in 
the Caucasus. The Italian Alps fortifications. 









































402 BIBLIOGRAPHIC NOTES. 


MARCH 3. Instructions in night expeditions and attacks in the 
French army. The _ inspirators of Napoleon— Maillebois and 
Bourcet in Italy, 1733-1735. The communal militia in Italy. 

MARCH 10. The German cavalry as judged by a Russian officer, 
Movabie forts on the frontiers of France. 


MARCH 17. Night drill and manceuvres: instruction of company 
and field officers. The Turkish army in 1889. Official returns of 
the medical department of the French army for 1885. Military cen- 
tralization in Switzerland. 

MARCH 24. The infantry musket in European armies. 

Of all the questions engaging the minds of the military just now, none 
possesses more actuality and interest than that of the infantry armament. The 
majority of European powers have adopted the repeating rifle of small caliber, 
With respect to the mechanism, some have the magazine in the stock of the 
gun, others prefer the detachable magazine. The changes in the cartridge 
casing are trifling; but on account of the steep incline of the grooves, it has 
been necessary to abandon the soft lead bullet, and it has now a core of lead 
with a jacket of albata, copper or steel. Owing to the great initial velocities 
sought, powder plays a very important part. France has a powder, “ Vieille,” 
of pyroxyline and collodion, smokeless, giving a velocity of 640 m. England 
has an almost smokeless powder with a velocity of 565m. In Germany, the 
Rottweil-Hamburg factory has succeeded in manufacturing a powder nearly 
equal to that of the French. 

The equine species and its amelioration in France. Night drill 
and manceuvres in the army, with historical examples of night opera- 
tions (ended). Adoption of the Mannlicher gun of 8 mm. (small 
caliber) in the German army. J.L 


REVUE MARITIME ET COLONIALE. 


FEBRUARY, 1889. 

The interesting and instructive article on Tourville and the navy in his time, 
with notes, letters, and documents (1642-1701), is continued in this number. 
It consists in most part of correspondence borrowed from the Archives de la 
Marine, to which the writer had easy access, 

Notes on the course of the Niger between Manambugu and Tim- 
bucktu. The double moulinet-log and its appliances, with illustrated 
description, by Captain Fieurgois. Scientific mission to Cape Horn 
(1882-1883); a history of the expedition. Hydrography. A study 
of submarine boats (memoir presented to the Academy of Sciences). 
Naval chronicles. 

APRIL. Historical studies of the French military marine. Fleet 
operations during the administration of Colbert. 

The above studies, which have appeared periodically in the Review since 
1886, are ended in this number. They present very interesting and instructive 
reading. 

Tourville and the navy of his time, with notes, letters, and docu- 
ments, 1642-1701 (continued). The Gulf of Gabés (Tunis) fishery. 
Notes on the life of Chevalier De Langle, lieutenant of Lapérouse in 
his voyages of discovery. 
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De Langle with a party of sailors was treacherously massacred by the savages 
of the island of Tutuila (Samoa), and their bones now rest in the French chapel 
on the island. 

Principles of the economy of navigation (a valuable professional 
article). A notice on the course of the Niger, with a table of astro- 
nomical calculations. Programme of naval constructions in England. 
Breaking up on the spot of condemned ships. Increase of the U. S. 
Navy. The dangers of automatic guns. Comparative strength of 
the armaments of the most recent war-ships. Accidents during gun 
practice. Report of the arbitrators of the late English manceuvres. 
Corrosion of steel hulls. Use of the pistol for signaling at sea. The 
U.S. torpedo-boat Gatling. An English torpedo-boat burning liquid 
fuel. A steel wire-wound gun with a range of 20 kilom. in England. 
The forts of the Meuse in Belgium. 


ApRIL 7. Summary of No. 14. Participation of the reserves in 
the storming of strongholds (infantry tactics). 

The line of attack should be supported by the reserve in column, to take the 
place of the former after entering the position, in order to repulse an offensive 
return, etc, 


Night manceuvres before Kertch. 


The conviction is gaining ground in Russia as well as elsewhere of the 
importance of night operations, and the consequent necessity of night drill. 


APRIL 14. The actual réle of fortified places. The new uniform 
of the Alpine troops (with illustrations). J. L. 


RIVISTA DI ARTIGLIERIA E GENIO. 


VoL. IV, NovemBeR, 1888. Experiments with concrete for building 
fortifications, by F. Lo Forte, major of engineers. On disinfecting 
apparatus, by Dr. G. Mendini. On the tactics and equipment of 
mitrailleuses (translation from English), by Captain Podestd Giulio. 
Miscellany: French gun-carriages, Vavasseur system; The new 
French repeating rifle; Telemeter with vertical base; Certain 
phenomena of explosions; Aluminum shields for defense of infantry 
against small-arm fire. Foreign chronicle. J. B. B. 


RIVISTA MARITTIMA. 


JANUARY, 1889. Indicator for determining relative and absolute 
speed of opposing ships; theoretical and practical development 
(with plates), by Captain D. Bonamico. 

The scope of the indicator is the determination of the absolute and relative 
speed of a ship in all cases that may arise under the ordinary conditions of 
steam navigation. A favorable preliminary report has been made, and the 
Italian ministry has ordered that indicators be placed for further trial on three 
cruising ships of different types. 

The port of Marseilles (with plates showing in fuil the system of 
docks, basins, breakwater, method of construction, etc.), by E. Bor- 
gatti. Foreign chronicle. 
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FEBRUARY. The port of Marseilles (continued), by E. Borgatti, 
Torpedo tactics in ofiensive and defensive wars (with diagrams); 
(translation from Prize Essay, Proc. N. I.). Maritime warfare ip 
the future (translation), by Geffcken, from the Revue de droit inter. 
national. J. BB. 


ROYAL ARTILLERY INSTITUTION. 


FEBRUARY. Outline of an instrument for measuring deflection 
corrections, firing at moving objects. 

Marcu. A discussion on the disadvantages of too high a muzzle 
velocity for field guns. 

Puts limit at about 1500 f.s. Neglects the advantages of a eater 


SCHOOL OF MINES QUARTERLY, NEW YORK. 


JANUARY, 1889. The transformation of electricity into mechanical 
energy. Notes on some chemical qualities of foundry irons. 
F. H. E, 
UNITED SERVICE GAZETTE, 
MARCH 23. Experiments with the Resistance. 


She was provided with steel curved deck and gun-shields. Experts con- 
sidered the guns to have had the best of it. 


APRIL 6. A plan of reorganization of the fleet. 


Each ironclad in a squadron to be accompanied by (1) at least two first-class 
sea-going torpedo-boats; (2) a fast turbine gunboat ram, asa rule in tow, 
fitted with search lights and mine-removing apparatus ; (3) a very fast 200-ton 
turnabout torpedo-boat catcher. Each squadron to have at least 4 colliers. 


APRIL 13. Designs for new battle-ships. M. K. E. 


LE YACHT. 


JANUARY 26, 1889. A ‘tactical study of ships of war. Review of 
the merchant marine of the world. Description of an electrical twin- 
screw launch of twelve tons (with illustration). New vessels building 
in Europe. Speed trials, etc. 

FEBRUARY 2. Editorial on the French navy ; a new law relating 
to the engineers, the colonial policy. The bursting of the gua on 
board the Amiral-Duperré, etc. A tactical study of ships of war 
(continued). Stations of ships of the French navy in commission. 

FEBRUARY 9. Discussion on the German navy in the Reichstag. 
A tactical study of ships of war (contiiued). Plans and description 
of Le Courbet, armored ship of 10,518 tons displacement. 

FEBRUARY 16. Editorial on the defenses of Cherbourg. The 
World’s Exhibition of 1889 (with plan). Review of ‘La Marine 
Militaire” (1888-1890), by Emile Weyl. Review of the merchant 
marine of the world. The U.S. Navy. 

FEBRUARY 23. A discussion of forced draft. Notes from foreign 
shipyards. A practical study of the development of the catamaran. 
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MARCH 2. Editorial onthe English navy. Lord Brassey’s views. 
A practical study of the development of the catamaran (with illustra- 
tions). Description and plans of Le Formidable, French battle-ship. 
Artillery practice near Havre; trial of guns (Canet system) before 
the Japanese military commission. 

MarcH 9. Editorial on the official report of the autumn man- 
ceuvresin England. The capsizing of torpedo-boat No. 102 in the 
bay of St. Nazarre (with chart). A practical study of the develop- 
ment of the catamaran (continued, with illustrations). 

MARCH 23. The programme of the English Admiralty for this 
year. Description of the White Star steamer Teulome (with view). 
A practical study of the development of the catamaran (continued, 
with illustrations). A letter relating to the stability of torpedo-boat 
No. 102. 

MarkcH 30. Editorial on naval matters in France. The loss of 
torpedo-boat No. 110. Review of the merchant marine of the world. 
The Naval Reserve in France. A practical study of the development 
of the catamaran (continued, with illustrations). 

APRIL 6. Editorial on the loss of torpedo-boat No. 110. The 
Samoan disaster. The future of the submarine torpedo-boat. The 
ventilation on board the Formidable (with plan). 

APRIL 13. Notes from foreign navy-yards. A new type of triple- 
expansion engines (with plans). Modifications proposed in a torpedo- 
boat of 35 meters, suggested by the loss of Nos. 102 and 110 of that 
class. A. C. B. 
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